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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

WashingUm,  D.  C,  July  IS,  1902. 
Sir:    I  have  the  honor  to  transmit  herewith  the  manuscript  and 
illuHtrations  of  a  paper  entitled  Fossil  Flora  of  the  John  Day  Basin, 
Oregon,  and  to  request  its  publication  as  a  bulletin  of  the  Survey. 
Very  respectfully, 

F.  H.  Knowlton, 

Paleoiitologht, 
Hon.  Charles  D.  Walcott, 

Di/rectoT  United  States  Geological  Sio'vey. 
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FOSSIL  FLORA  OF  THE  JOHN  DAY  BASIN,  OREGON. 


Bv  F.  H.  Knowlton. 


INTRODUCTION. 

For  a  number  of  years  1  have  been  gradually  accumulating  material 
for  a  thorough  revision  of  the  Tertiary  floi-as  of  the  Pacific  slope. 
Fossil  plants  are  known  to  occur  at  numerous  points  within  this 
area,  and  their  study  and  identification  has  already  furnished  valuable 
data  bearing  on  the  geological  history  of  the  region,  and  when  still 
further  exploited  it  is  confidently  expected  that  the}'  will  afford  more 
exact  data  for  the  use  of  geologists.  This  investigation  is  progressing 
satisfactorily,  and  at  no  distant  day  it  is  hoped  to  have  it  in  form  for 
final  publication. 

From  time  to  time  various  members  of  the  United  States  Geological 
Survey,  as  well  as  others  not  connected  with  this  organization,  have 
sent  in  small  collections  of  fossil  plants  for  determination.  These 
have  been  studied  and  reported  upon  as  fully  as  the  condition  of  the 
problem  permitted,  so  that  the  determinations  could  be  immediately 
available  to  geologists,  but  with  the  reservation  that  none  of  the  ques- 
tions could  be  fully  settled  until  all  known  material  had  been  studied 
and  properly  correlated. 

The  rich  fossil  plant  deposits  in  the  John  Day  Basin,  as  set  forth 
more  fully  in  the  historical  account  which  follows,  have  been  known 
for  a  period  of  nearly  fifty  years,  but  their  study  has  been  carried  on 
in  a  more  or  less  desultory  manner.  There  has  also  l)een  considerable 
confusion  as  to  the  horizons  whence  these  plants  came.  As  various 
species  of  plants  described  originally  from  the  John  Day  region  were 
detected  in  various  other  localities  in  Oregon,  and  in  surrounding 
areas,  as  central  Washington,  western  Idaho,  and  northern  California, 
it  became  more  than  ever  apparent  that  a  thorough  study  of  all 
material  obtainable  from  this  type  area  would  be  necessary  before  any 
definite  or  satisfactory  conclusions  could  be  reached. 

The  immediate  incentive  for  this  revision  was  furnished  by  the 
receipt  of  a  considerable  collection  of  plants,  made  by  Dr.  John  C. 
Merriam  in  1900  while  he  was  in  charge  of  an  expedition  into  this 
region  made  under  the  auspices  of  the   University  of  California. 
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When  these  plants  were  submitted  to  me  for  study,  it  was  thought 
possible  to  present  their  description,  together  with  a  revision  of  our 
knowledge  of  the  previously  known  forms,  within  a  space  sufficiently 
small  to  permit  the  publication  of  the  matter  as  an  appendix  to  a 
paper  on  the  general  geology  of  the  area,  then  in  preparation  by 
Dr.  Merriam.  But  it  soon  became  apparent  that  this  could  not  be 
adequately  done  within  the  space  available,  and  a  short  preliminary 
report  was  prepared  for  and  published  by  Dr.  Merriam.*  The  results 
of  a  complete  restudy  of  all  available  fossil  plant  material  from  the 
John  Day  Basin  are  now  presented. 

1  wish  to  record  my  great  indebtedness  to  Dr.  Merriam,  who  not 
only  accompanied  me  at  a  considerable  personal  sacrifice  on  a  trip 
through  the  region  in  1901,  but  placed  unreservedly  at  my  disposal  all 
material  bearing  in  any  way  on  the  problem  then  in  the  paleontological 
museum  of  the  Univei'sity  of  California.  To  Dr.  Arthur  HoUick  I 
am  indebted  for  the  loan  of  all  material  from  the  John  Day  region 
belonging  to  Columbia  University,  and  now  deposited  in  the  New 
York  liotanical  Garden  at  Bronx  Park.  This  material,  together  with 
the  rich  collections  belonging  to  the  United  States  National  Museum, 
represents  practically  all  now  known  to  have  come  from  the  John  Day 
Basin. 

GEOGRAPHIC  LOCATION  AND  TOPOGRAPHIC  FEATURES. 

The  John  Day  Basin  is  situated  in  the  north-central  portion  of  the 
State  of  Oregon.  It  lies  mainly  in  Grant  County,  but  extends  also 
into  the  northeastern  portion  of  Crook  County  and  the  southern  por- 
tions of  Gilliam,  Morrow,  and  Umatilla  counties.  It  is  rudely  rectan- 
gular in  outline,  and  is  almost  completely  surrounded  by  the  Blue 
Mountains,  whose  rugged  eastern  ridges  rise  to  a  height  of  over  6,000 
feet,  those  to  the  west  being  lower  and  made  up  largely  of  Tertiary 
lavas,  which  form  regular  and  often  flat-topped  ridges. 

John  Day  River,  with  its  numerous  branches  and  tributaries,  drain- 
ing an  area  of  approximately  10,000  square  miles,  has  a  general  west- 
ward course  through  the  basin,  which  it  leaves  on  its  west  side  through 
a  gap  between  the  north  and  south  ranges  of  the  Blue  Mountains; 
thence  its  course  is  north  to  the  Columbia. 

When  viewed  from  an  eminence  the  basin  presents  a  rough  and 
rugged  appearance  and  bears  abundant  evidence  of  former  volcanic 
activity  in  the  shape  of  ridges  and  plateaus,  often  several  thousand 
feet  in  height,  made  up  of  volcanic  flows  of  various  kinds,  as  well  as 
vast  deposits  of  ashes,  tuffs,  and  occasionally  sands  and  gravels. 
Around  these  ridges  and  plateaus  the  water  courses  have  cut  deep  and 
often  narrow  canyons,  especially  in  the  soft  ashes  and  tuffs,  but  occa- 
sionally also  through  the  massive  basalts,  rhyolites,  and  andesites. 

a  A  contribution  to  the  geology  of  the  John  Day  Basin:  Univ.  Cal.,  Bull.  Dept.  Geol.,  Vol.  II,  No.  9, 
April,  1901,  pp.  2G9-Si4. 
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The  area  of  land  under  cultivation  is  extremely  limited,  being  con- 
fined to  the  scattered  narrow  bottoms  along  the  main  streams.  With 
the  exception  of  a  growth  of  ^ines  along  the  higher  ridges,  the  tree 
growth  is  confined  to  a  fringe  of  cottonwoods  and  willows  along  the 
water  courses  and  a  few  scattered  junipers  on  the  lower  ridges.  The 
remainder  of  the  country,  when  not  too  rugged,  is  or  was  fonnerly 
covered  with  a  luxuriant  growth  of  grasses,  but  overstocking  has 
already  seriously  impaired  the  value  of  the  ranges  for  grazing  pur- 


HISTORY  OF  EXPLORATION  IN  THE  JOHN  DAY  BASIN. 

For  more  than  a  quarter  of  a  century  the  John  Day  Basin  has  been 
widely  known  for  its  abundant  deposits  of  plant  and  animal  fossils. 
The  first  of  its  fossil  riches  to  be  discovered  were  mammalian  remains 
in  the  form  of  teeth  and  fragments  of  bones  from  the  Crooked  River 
region,  brought  back  by  a  company  of  soldiers  who  traversed  the 
region  in  1861.  Some  of  these  fossils  fell  into  the  hands  of  Rev. 
Thomas  Condon,  then  located  in  The  Dalles.  Condon  recognized  the 
value  of  the  discovery,  and  early  in  the  following  year  he  obtained 
permission  to  accompany  a  party  of  soldiers  taking  supplies  to  the 
military  post  at  Harney  Valley.  On  the  way  out  they  passed  through 
the  Crooked  River  region,  where  Condon  obtained  fossils,  and  on  the 
return  trip  by  way  of  Camp  Watson,  a  post  long  ago  abandoned, 
he  discovered  rich  plant  deposits  on  Bridge  Creek.  In  1803  and 
1864  Condon  spent  some  weeks  in  each  season  in  exploring  along 
Bridge  Creek  and  John  Day  River,  in  the  latter  region  discovering 
and  naming  Turtle  Cove,  a  locality  which  has  aflForded  a  large  pro- 
portion of  the  vertebrate  remains  thus  far  brought  to  light  in  this 
region. 

In  the  fall  of  1871  Prof.  O.  C.  Marsh,  of  Yale  University,  in  com- 
pany with  a  large  party  of  students  and  others,  under  the  guidance  of 
Condon,  made  an  extended  trip  through  the  basin,  collecting  vertebrate 
remains,  principally  from  what  are  now  known  as  the  ''John  Day" 
and  *'Mascall"  beds.  From  this  date  until  1877  parties  in  the  employ 
of  Marsh  continued  collecting  throughout  the  region,  but  they  appear 
to  have  procured  only  animal  remains.  As  these  vertebrate  remains 
were  found  in  such  abundance  and  so  well  preserved,  the  region  con- 
tinued to  attract  students.  Thus  in  1878  and  1879  collections  were 
made  for  Prof.  E.  D.  Cope;  in  1882  for  the  United  States  Geological 
Survey,  under  the  direction  of  Professor  Marsh,  and  in  1889  by  Prof. 
W.  B.  Scott,  for  Princeton  University.  In  1899  and  1900  Dr.  John  C. 
Merriam,  with  a  large  party,  collected  extensively  throughout  the 
region  in  the  interests  of  the  University  of  California.  His  attention 
was  mainly  devoted  to  securing  vertebrate  remains,  but  he  also  obtained 
a  small  and  extremely  interesting  collection  of  plants  from  Cherry 
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Creek,  Clamos  Ferry,  Bridge  Creek,  Van  Horn's  ranch,  and  other 
places.     These  plants  will  be  noticed  later. 

As  already  stated,  Professor  Condon  was  the  first  to  discover  the 
rich  plant  beds  on  Bridge  Creek.  His  collections  from  this  locality, 
from  Currant  Creek,  and  possibly  other  places  within  the  basin,  were 
probably  made  during  several  years,  and  were  ultimately  placed  in  the 
hands  of  the  late  Dr.  J.  S.  Newberry,  of  Columbia  University,  for 
study.  As  the  partial  results  of  his  study  Dr.  Newberry  published, 
in  March,  1883,  brief  characterizations  of  fifteen  new  species  of  plants.** 
These  species,  as  well  as  seveml  othei's,  were  more  fully  described  and 
figured  in  his  Later  Extinct  Floras  of  North  Americii,*  a  posthumous 
work  issued  under  the  editorship  of  Dr.  Arthur  Hollick  in  181^8.  The 
publication  of  tlie  latter  work,  containing  as  it  did  the  illustrations, 
made  it  possible  for  the  first  time  to  be  certain  of  Newl>erry\s  species. 
All,  or  nearly  all,  of  the  material  on  which  Newberry's  work  was 
based  ultimately  became  the  property  of  the  United  States  National 
Museum,  where  it  now  is. 

Probably  about  1870  Mr.  C.  D.  Voy,  a  well-known  collector  of  San 
Fmncisco,  California,  made  a  collecting  trip  through  the  basin.  He 
obtained  plants  from  Currant  Creek,  Bridge  Creek,  and  from  a  new 
locality  known  later  as  Van  Horn^s  ranch  or  Belshaw's  ranch.  These 
specimens,  through  the  munificence  of  Mi*.  D.  O.  Mills,  were  pre- 
sented to  the  University  of  California,  where  they  now  are.  This 
material  was  all  submitted  to  Prof.  Leo  Lesquereux  for  determina- 
tion. The  exact  date  on  which  it  came  into  his  hands  is  uncertain, 
but  it  must  have  been  in  or  before  1878,  for  a  part  of  the  sjx^cies — 
certain  of  those  from  Van  Horn's  ranch — were,  owing  to  insuflicient 
labeling,  included  in  his  Fossil  Plants  of  the  Auriferous  Gravel 
Deposits  of  the  Sieri*a  Nevada,*"  published  in  that  year.  The  remain- 
der, now  known  to  have  come  from  Currant  Creek,  Bridge  Creek, 
and  Van  Horn's  much,  though  mainly  labeled  simply  ''John  Day 
Valley,  Oregon,"  was  described  by  Lesquereux  in  his  Cretaceous 
and  Tertiary  Floras.''  This  work  bears  the  date  of  1888,  and  as  it 
contjiins  descriptions  and  figures  of  many  of  the  simie  species  that 
had  been  submitted  to  Dr.  Newberry,  though  of  course  under  differ- 
ent names,  it  becomes  a  matter  of  much  importance  to  fix  more 
exactly  the  actual  time  of  issue.  In  the  case  of  Newberry's  paper 
the  actual  date  is  easily  fixed  by  the  date  on  the  final  signature 
as  March  21,  1883.  From  a  note  in  the  first  page  of  the  Cretaceous 
and  Tertiary  Floras  it  appears  that  the  manuscript  was  submitted  by 
Professor  Lesquereux  on  September  27, 18S2,  and  was  received  by  the 
Director  of  the  United  States  Geological  Survey  on  October  12,  1882. 

"Proo.  V.  S.  Nat.  Mus..  Vol.  V,  ls><t.  pp.  502-513. 

/'Moil.  U.  S.  GtH)l.  Survey  Vol.  XXXV. 

^-Mcm.  Mus.  Comp.  Zool.,  Vol.  VI.  No.  2. 

''  U.  S.  Geol.  and  Ueog.  Sun'.  Terr.,  Mon.  VIII,  ivv?,  pp.  2:iy-2r>5. 
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But  the  letter  of  transmittal  to  the  then  Secretary  of  the  Interior  bears 
date  of  November  1,  1883,  and  as  this  must  have  preceded  by  some 
months  the  actual  issue  of  the  volume,  it  is  clear  that  Newberry's 
paper  has  precedence,  and  all  names  of  species  established  by  him, 
when  in  conflict  with  those  given  by  Lesquereux,  must  stand. 

By  far  the  largest  collection  of  fossil  plants  from  this  region  was 
made  in  the  summer  of  1880  by  Maj.  (then  Capt.)  Charles  E.  Bendire, 
of  the  United  States  Army,  who  made  a  short  tour  through  the 
basin  with  a  large  party  of  the  Seventh  United  States  Cavalry.  He 
collected  at  Bridge  Creek,  Cherry  Creek,  and  Van  Horn's  ranch, 
securing  mainly  plants,  but  also  a  few  fish  and  mammal  remains,  and 
this  entire  collection  was  presented  by  him  to  the  United  States 
National  Museum.  The  fish  remains  were  described  by  Cope,**  and 
the  plants  were  submitted  to  Lesquereux,  whose  report  on  those  from 
Van  Horn's  ranch  and  Cherry  Creek  was  published  in  1888.*  Les- 
quereux's  report  on  the  Bridge  Creek  material  was  prepared  and  sub- 
mitted at  the  same  time,  but  on  account  of  the  difliculty  in  securing 
figures  of  the  supposed  new  species,  was  not  published.  This  manu- 
script has  been  in  my  hands  for  some  years  awaiting  revision,  and,  so 
far  as  possible,  has  been  incorporated  in  the  present  work. 

As  a  preliminary  to  the  preparation  of  this  work,  I  went  over 
very  carefully  every  specimen  in  the  collet^tion  of  the  United  States 
National  Museum  from  Van  Horn's  ranch  and  Cherry  Creek,  as  pub- 
lished upon  by  Lesquereux.  In  the  case  of  the  specimens  from  Van 
Horn's  ranch  the  matrix  is  so  distinctive  that  no  difficulty  was  experi- 
enced in  making  certain  that  they  actually  came  from  this  locality, 
but  when  the  collection  from  Cherry  Creek  was  taken  up,  it  at  once 
became  evident  that  some  mixing  of  specimens  must  have  occurred. 
Les(iuereux  enumerated  thirty  species  in  his  paper  above  quoted, 
but  they  are  preserved  on  very  different  kinds  of  matrix  and  repre- 
sent certain  well-known  species  that  have  never  before  been  reported 
from  the  John  Day  region.  Specimens  of  some  of  the  matrix  of  the 
suspected  species  were  sent  to  Dr.  Merriam,  of  the  University  of 
California,  for  the  purpose  of  asceitaining  whether  he  had  noted 
matrix  of  this  character  at  Cherry  Creek.  It  proved  to  })e  wholly 
unlike  anything  observed  by  him  at  this  locality,  thus  in  a  measure 
confirming  my  suspicion  of  a  possible  mixture.  I  am  uncertain  where 
the  doubtful  specimens  came  from,  but  from  the  character  of  the 
matrix  as  well  as  from  the  species  represented,  it  seems  more  than 
possible  that  they  may  have  come  from  the  Green  River  beds  of 
Wyoming.  As  doubt  was  thus  cast  on  all  of  the  Cherry  Creek 
material  in  the  United  States  National  Museum  collection,  I  visited 
the  locality  myself  in  the  summer  of  1901,  in  company  with  Dr. 
Merriam,  and  made  as  full  a  collection  as  possible.     This  absolutely 

a  Am.  Nat.  Vol.  XXIII,  1889,  p.  625.        b  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  pp.  13-24,  Pis.  V-XIV. 
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confirmed  the  theory  that  Lesquereux  had  inadvertently  confused  at 
least  two  localities  under  the  name  of  Cherry  Creek.  The  typical 
matrix  at  Cherry  Creek  is  a  hard,  yellowish-brown  sandstone,  which 
fractures  very  irregularly,  making  it  difficult  to  obtain  perfect  impres- 
sions. Only  the  species  known  to  have  come  from  there,  or  pre- 
served on  matrix  so  similar  as  to  leave  no  reasonable  doubt  that  it 
is  the  same,  are  included  in  the  following  enumeration. 

As  already  stated,  Dr.  Merriam  obtained  small  collections  of  fossil 
plants  during  the  field  seasons  of  1899  and  1900.  These  were  submit- 
ted to  me  for  determination,  and  a  more  or  less  tentative  report  was 
incorporated  by  Dr.  Merriam  in  his  report  above  mentioned  on  the 
geology  of  the  John  Day  Basin. 

During  the  field  season  of  1901 1  visited  the  John  Day  Basin  under 
the  guidance  of  Dr.  Merriam  and  made  collections  of  plants  at  Cherry 
Creek,  Bridge  Creek,  and  Van  Horn's  or  Belshaw's  ranch  and  vicinity. 
At  the  close  of  the  field  season  some  weeks  were  spent  in  thoroughly 
going  over  the  type  collections  of  plants  in  the  paleontological  museum 
of  the  University  of  California.  It  was  at  this  time  that  the  fact  was 
developed  that  a  part  of  the  Van  Horn's  ranch  material  had  been 
included  by  Lesquereux  in  his  Flora  of  the  Auriferous  Gravels  of  Cali- 
fornia. Inasmuch  as  these  species  were  mainly  the  ones  upon  which 
rested  the  correlation  between  the  beds  in  the  John  Day  Basin. and  the 
Auriferous  gravels,  the  detection  of  the  error  was  of  the  utmost 
importance. 

GEOLOGICAL  FEATURES  OF  THE  JOHN  DAY  BASIN. 
HISTORY  OF  GEOIX)(}ICAL  INVESTIGATION   IN   THE   REGION. 

Considerable  confusion  and  uncertainty  have  existed  regarding 
geologiciil  events  and  their  sequence  within  this  area,  due  in  large 
measure  to  the  fact  that  observations  were  either  hastily  made  during 
brief  reconnaissance  trips  through  the  region,  or  were  confined  to 
the  vicinity  of  the  richer  fossil  deposits.  Even  at  the  present  time 
no  detailed  geological  study  of  this  region  has  been  undertaken.  By 
far  the  most  important  contribution  to  the  subject  that  has  thus  far 
been  made  Is  that  by  Dr.  John  C.  Merriam,  in  the  paper  alread}^ 
referred  to.^  Before  passing  to  an  exposition  of  his  own  views  Dr. 
Merriam  presents  the  following  brief  summary  of  previous  work: 

The  first  mention  of  the  fossiliferou8  deposits  in  the  John  Day  Basin  which  appears 
in  the  literature  was  made  by  Dr.  Joseph  Leidy.  In  October,  1870,  Dr.  Leidy  pre- 
sented before  the  Philadelphia  Academy  of  Sciences  ^*  a  short  paper,  in  which  he 
described  **A  collection  of  fossils  recently  received  for  examination  through  the 
Smithsonian  Institution,  from  Rev.  Thomas  Condon,  of  Dalles  City,  Oregon."    The 


a  A  contribution  to  the  geology  of  the  John  Day  Basin;  Tniv.  Cal.,  Bull.  Dept.  Geol.,  Vol.  II,  No.  9, 
April,  1901,  pp.  26^-314. 
tProc.  Phila.  Acad.  Nat.  Sci.,  Vol.  XXU,  1870,  pp.  111-112. 
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collection  consisted  of  "remains  of  mammalia  obtained  by  Mr.  CJondon  from  the 
valley  of  Bridge  Creek  "  (and  '*Big  Bottom  of  John  Day"),  "a  tributary  of  John 
Day's  River,  Or^on."  The  collection  included  new  forms  of  Paracotylops  {Mery- 
cocharus)^  RhinoceroB,  and  Anchiiherium.  New  occurrences  of  Agriochcervs,  Lepto- 
meryxy  Lophiodon  (?),  Elolherumj  and  a  Dicotylee-like  form  were  also  noted.  Most  of 
the  previously  known  species,  as  identified  by  Leidy,  were  forms  belonging  to  the 
White  River  fauna,  and  he  probably  considered  the  John  Day  beds  as  of  nearly  the 
same  age  as  the  White  River. 

In  1873  Professor  Marsh  described  «  several  new  fossil  mammals  obtained  by  his 
exploring  party  in  the  John  Day  country  in  1871.  He  referred  two  forms  to  the 
Bliocene  and  one  to  the  Pliocene,  thus  making  the  first  statement  regarding  the  age 
of  the  beds. 

In  his  paper  on  the  great  lava  flood  of  the  West,  Prof.  Joseph  Le  Conte  &  makes 
the  first  mention  of  the  structural  relations  of  the  John  Day  formations.  His  state- 
ment r^arding  the  relation  of  the  lava  to  the  John  Day  beds  is  in  part  as  follows: 
"The  lava  of  this  region  is  *  *  *  underlaid  by  the  remarkable  fossiliferous 
Miocene  lake  deposit  of  the  John  Day  Valley;  erosion  has  cut  through  the  lava  cap 
into  the  soft  strata  beneath." 

The  earliest  general  discussion  of  John  Day  geology  which  appears  in  literature  is 
the  following  statement  published  by  Marsh*?  in  1875: 

"The  Blue  Mountains  formed  the  eastern  and  southern  shores  of  this  lake,  but  its 
other  limits  are  difficult  to  ascertain,  as  this  whole  country  has  since  been  deeply 
buried  by  successive  overflows  of  volcanic  rock.  It  is  only  when  the  latter  have 
been  washed  away  that  the  lake  deposits  can  be  examined.  The  discovery  and  first 
explorations  in  this  basin  were  made  by  Rev.  Thomas  Condon,  the  present  State 
geologist  of  Or^on.  The  typical  localities  of  this  Miocene  basin  are  along  the  John 
Day  River,  and  this  name  may  very  properly  be  used  to  designate  the  lake  basin. 
The  strata  in  this  basin  are  more  or  less  inclined  and  of  great  thickness.  One  section 
near  the  John  Day  River,  examined  by  the  writer  in  1871  and  again  in  1873,  seems 
to  indicate  a  thickness  of  not  less  than  5,000  feet.  The  upper  beds  alone  of  this 
series  correspond  to  the  deposits  in  the  White  River  Basin.  The  lower  portion  also 
is  clearly  Miocene,  as  shown  by  its  vertebrate  fauna,  which  differs  in  many  respects 
from  that  above.  Beneath  these  strata  are  seen,  at  a  few  localities,  the  Eocene  beds 
containing  fossil  plants  mentioned  above.  They  are  more  highly  inclined  than  the 
Miocene  be<l8,  and  some  of  them  show  that  they  have  been  subjecteil  to  heat.  The 
inferior  strata  elsewhere  are  Mesozoic  and  apparently  Cretaceous.  Above  the  Mio- 
cene strata  Pliocene  beds  are  seen  in  a  few  places,  but  basalt  covers  nearly  all." 

In  this  account  we  find  the  name  "John  Day"  first  used  for  the  principal  fossil 
beds  of  the  basin.  The  relation  of  this  horizon  to  the  great  lava  beds  is  also  cor- 
rectly stated,  though  it  is  not  quite  clear  whether  he  considered  the  Pliocene  as  also 
covered  by  the  basalt  flows.  The  Pliocene  referred  to  is  pretty  certainly  the  Mascall 
beds.  It  is  known  that  Marsh  camped  near  the  typical  exposure  of  this  formation 
and  did  some  collecting  in  it.  To  what  Marsh  referred  in  his  statements  concerning 
Eocene  and  Cretaceous  it  is  not  certain.  He  has,  however,  correctly  described  the 
stratigraphic  sequence. 

In  1880  Prof.  E.  D.  Cope*'  published  the  following  statement  concerning  the  geol- 
ogy of  the  John  Day  country: 

"The  regions  of  the  John  Day  River  and  Blue  Mountains  furnish  sections  of  the 
formations  of  central  Oregon.  Above  the  Loup  Fork  or  Upper  Miocene  there  is  a 
lava  outflow  which  has  furnished  the  materials  of  a  later  lacustrine  formation, 
which  contains  many  vegetable  remains.  The  material  is  coarse  and  somewhat 
gravelly  and  is  found  on  the  Columbia  River,  and  I  think  also  in  the  interior 
basin.    Professor  Condon,  in  his  unpublished  notes,  calls  this  the  Dalles  group. 

a  Am.  Jour.  8ci.,  8d  eer.,  VoLy,1873,  p.  409.  c  Am.  Jour.  Sci.,  3d  ser..  Vol.  IX,  1875.  p.  52. 

frAm.  Jour.  8cL,  8d  ser.,  Vol.  VII,  1874,  p.  167.        dProc.  Am.  Phllos.  Soc.,  Vol.  XIX,  1880,  p.  61. 
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It  is  in  turn  overlaid  by  the  IkhIs  of  the  second  great  volcanic  outflow.  Below 
the  Loup  Fork  follows  the  Truckee  group,  so  rich  in  extinct  mammalia,  and  below 
this  a  formation  of  shales.  TheiH^  are  composed  of  fine  material,  and  vary  in  color 
from  a  white  to  a  pale  brown  and  reddish-brown.  They  contain  vegetable  remains 
in  excellent  preservation,  and  indeterminable  fishes.  The  Ttwodium  nearly  resem- 
bles that  from  the  shales  at  Osino,  Nevada,  and  on  various  grounds  I  sus|)ect  that 
these  l)eds  form  a  part  of  the  Amyzon  group  (American  Naturalist*  June,  1880),  with 
the  shales  of  Osino  and  of  the  South  Park  of  Colorado.  Below  these  is  a  system 
of  fine-grained,  sometimes  shaly,  rocks  of  delicate  gray,  buff,  and  greenish  colors 
containing  calamites,«  which  Professor  Condon  calls  the  Calamite  beds.  Their  age 
is  undetermined." 

In  spite  of  Cope's  assumption  that  the  plant  and  fish  bearing  beds  mentioned  by 
him  were  to  be  correlated  with  his  Amyzon  group,  ^Lesquereux*^  referred  the  collec- 
tions from  Van  Horn's  ranch  to  the  late  Miocene.  In  a  later  statement  regarding 
the  John  Day  stratigraphy,^'  Cope  speaks  of  the  calamite  l)eds  as  doubtless  belonging 
to  to  the  Triassic  or  Jurassic.    This  horizon  was  determined  by  Lesquereux  as  Eocene. 

Following  is  the  geological  section  of  the  John  Day  region  as  worked 
out  by  Dr.  Merriam:'' 

River  terraces,  with  undisturbed  Quaternary  fossils. 

Rattlesnake  formation.     Gravels,  ash,  tuff,  and  rhyolitic  lava. 

Mascall  formation.     Ashes,  tuffs,  and  possibly  gravels. 

Columbia  [River]  lava.     Basaltic  flows. 

John  Day  series.     Ashes,  tuffs,  and  rhyolitic  flows.     Sands  and  gravels  near  the 

top.     Ix>wer.  middle,  and  uppi^r  divisions. 
Clarno  formation.     Ashes,  tuffs,  and  andcsitic  and  rhyolitic  lavas. 
Chico  formation.     Sandstones  and  conglomerates. 
Knoxville  formation.    Black  shales. 
Pre-Cretaceous  seilimentarit^s,  seri>entines.     Granitic  masses  of  unknown  age. 

PRE-CRETACEOUS   ROCKS. 

Although  the  oldest  fossiliferous  strata  which  have  thus  far  been 
found  in  the  John  Day  Basin  north  of  the  southern  portion  of  the  Blue 
Mountains  belong  to  the  Cretaceous,  there  are  formations  exposed  at  a 
number  of  points  that  present  the  appearance,  according  to  Merriam, 
of  being  much  older.  Thus,  on  the  Middle  Fork  of  the  John  Day, 
about  5  miles  above  Ritter,  there  are  certain  sedimentary  rocks  bor- 
dering an  area  of  quartz-diorite  which  are  much  more  indurated  and 
deformed  than  any  known  Cretticeous  within  the  basin. 

At  Spanish  Gulch,  12  miles  southwest  of  Dayville,  the  Chico  Cretaceous  is  seen 
resting  upon  serpentine,  which  has  the  appearance  of  being  intruded  into  it.  At  the 
head  of  the  gulch  the  serpentine  is  sei)arated  from  what  was  taken  to  l>e  the  Chico 
conglomerate  by  a  zone  of  sc^hist  and  quartzite.  Not  far  from  this  locality  there  is 
associated  with  the  serpentine  a  considerable  thickness  of  quartzite  with  quartz 
veins,  which  have  produced  some  gold.  Limestones  quite  different  from  any  seen 
in  the  Chico  are  also  exposed  here.  From  the  same  neighborhood  the  writer 
obtained  a  specimen  of  a  granitic  rock,  said  to  form  one  wall  of  a  tunnel. 

Although  no  direct  proof  can  be  presented,  it  seems  probable  that  some  of  the 
rocks  associated  with  the  serpentine  at  Spanish  Gulch  are  older  than  the  Cretaceous./ 

«This  is  apptxrcntly  Eqnittrtnm  or((/on(:ns€  Newl>erry,  q.  v. 

bCope.  Am.  Nat.  1879.  p.:i32,  Late  Eocene  or  Early  Miocene,  Nevada. 

c  Proe.  U.  S.  Nat.  Mus..  Vol.  XI,  1888,  p.  18. 

rfMon.  r.  S.  Geol.  and  Geogr.  Surv.  Terr.,  \'(>h  III,  1884, p.  16. 

«  Merriam,  op.  cit,  p.  278 

/Ibid,  p.  280. 
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At  a  point  6  miles  south  of  C^amos  Ferry,  near  the  junction  of 
Muddy  and  Currant  creeks,  there  are  several  hundred  feet  of  black 
slates.  No  fossils  have  been  found  in  these  slates,  which  seem  older 
than  the  Knoxville  shales. 

KNOXVILLE  AND  CHICK)  BEDS. 

No  fossiliferous  Knoxville  beds  have  been  found  within  the  basin, 
and  the  presence  of  this  formation  is  based  on  purely  lithological 
grounds.  At  Mitchell  there  is  exposed  a  section,  thought  by  Merriam 
to  be  hardly  less  than  3,000  or  4,000  feet  in  thickness,  which  is  made  up 
of  sandstone,  conglomerate,  and  shale.  The  lower  portion  of  this  sec- 
tion is  composed  mainly  of  shale  which,  from  its  resemblance  to  the 
Knoxville  so  usually  developed  in  California  and  south-central  Oregon, 
is  assumed  to  be  of  this  age. 

The  Chico  is  exposed  at  Mitchell  and  Spanish  Gulch.  Only  a  single 
fossil  has  thus  far  been  afforded  by  the  Mitchell  locality.  Fossil 
invertebrates  have,  however,  been  obtained  at  two  localities  near 
Spanish  Gulch.  These  were  submitted  to  Dr.  T.  W.  Stanton,  who 
reports  that  they  indicate  a  "  horizon  at  or  very  near  the  base  of  the 
Chico  formation." 

CLABNO   FORMATION. 

The  name  Clarno  formation  has  been  given  by  Merriam  to  a  series 
of  beds  some  400  feet  in  thickness  which  rests  on  the  Chico  or  Knox- 
ville, and  which  consists  almost  entirely  of  eruptive  materials  in  the 
form  of  rhyolite  and  andesite  flows  and  ash  and  tuff  beds.  It  is  found 
in  typical  exposures  at  Clarnos  Ferry,  near  the  town  of  Fossil,  on 
Cherry  Creek,  and  near  Burnt  ranch. 

Where  the  Clarno  has  been  found  in  contact  with  the  John  Day  there  is  no  appar- 
ent angular  unconformity  of  the  strata.  The  difference  in  induration  and  weath- 
ering is,  however,  very  noticeable.  The  sedimentary  parts  of  the  Clarno  show  a 
much  greater  degree  of  induration  than  the  John  Day  beds  immediately  above,  and 
tend  at  all  localities  to  form  steep  bluffs,  ornamented  frequently  with  balanced  rocks 
or  grotesque  figures. « 

Thus  far  neither  vertebrate  nor  invertebrate  remains  have  been 
found  in  the  Clarno,  but  at  most  of  the  localities  where  carefully 
exploited  fossil  plants  have  been  found,  often  in  abundance.  The 
celebrated  Bridge  Creek  locality  falls  within  this  formation,  occurring 
at  the  base  of  the  superimposed  John  Day  beds.  I  visited  this 
locality  in  1901  and  obtained  a  small  collection.  The  plants  occur 
abundantly  in  a  reddish  shale,  which  weathers  whitish.  The  other 
plant  localities  in  the  Clarno  will  be  listed  later. 

a  Merriam,  op.  cit.,  p.  286. 
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JOHN   DAY   SERIES. 

Resting  directly  upon  and  apparently  conformable  with  the  Clamo 
formation  is  a  thick  series  of  regularly  stratified  sediments  now 
widely  known  as  the  John  Day  beds.  This  series  of  beds  is  found 
quite  generally  throughout  the  basin,  and  represents  what  was  called 
by  Marsh  the  deposits  of  the  John  Day  Lake.  The  beds  are  made 
up  almost  entirely  of  ashy  or  tufaceous  materials,  with  occasionally, 
toward  the  top,  some  100  or  200  feet  of  a  harder,  blocky  tuff. 

The  erosion  forms  and  coloration  of  the  John  Day  strata  are  quite  characteristic 
when  compare<i  with  those  of  other  formations  in  the  basin.  In  general  the  beds  are 
colored  various  shades  of  red,  green,  blue,  or  yellow.  In  some  cases  they  are  white 
or  gray.  As  will  be  shown  later,  the  coloration  is  an  important  character  in  distin- 
guishing the  subilivisions  of  the  system.  The  beds  are  usually  quite  soft  and  dis- 
integrate very  rapidly,  forming  a  layer  of  mud  several  inches  thick  over  a  large  part 
of  the  exposed  surface.     A  moderately  heavy  rain  starts  the  mud  almost  in  streams.^* 

The  thickness  of  the  John  Day  series  north  of  the  southern  portion  of 
the  Blue  Mountains  is  placed  by  Dr.  Merriam  between  1,500  and  2,000 
feet,  while  to  the  south,  in  the  vicinity  of  Logan  Butte,  it  is  estimated 
to  be  between  3,000  and  4,000  feet. 

The  John  Day  series  is  divided  by  Dr.  Merriam  into  a  lower,  middle, 
and  upper  division.  The  lower  division,  having  an  estimated  thick- 
ness of  250  or  300  feet,  consists  of — 

highly  colored  shale  which  breaks  down  readily,  forming  characteristic  mud-covered 
domes.  These  beds  are  in  the  main  a  deep  red,  with  occasional  alternating  strata  of 
buff  or  white  ash.  At  Bridge  Creek  alternating  beds  of  red,  white,  and  green, 
occurring  in  a  group  of  typical  hills  of  this  division,  form  a  striking  feature  of  the 
landscape,  the  colored  strata  making  sharply-defined  rings  about  the  hills.* 

The  middle  division,  having  a  thickness  of  from  500  to  possibly  800 
or  1,000  feet- 
consists  of  drab  to  bluish-green  beds,  sometimes  forming  rounded  hills,  but  more 
frequently  exposed  as  steep,  pinnacled,  and  ribbed  bluffs.  <^ 

The  uppermost  beds,  showing  a  thickness  of  300  or  400  feet,  or  in 
some  cases  of  somewhat  more,  are — 

buff,  tufaceous,  or  ashy  deposits,  sometimes  with  sand  and  gravels  near  the  top. 
....  They  are  usually  harder  and  are  generally  exposed  as  steeper  bluffs  than  the 
strata  of  the  lower  divisions.^ 

The  lower  division  of  the  John  Day  series  is  practically  barren  of 
fossils  of  all  kinds,  while  the  middle  and  upper  divisions  have  fur- 
nished a  very  extensive  fauna.  The  only  plant  remains,  with  possibly 
a  single  exception,  are  found  in  the  upper  division,  and  even  here  they 
consist  of  only  four  or  five  species.  The  locality  is  Si  miles  south  of 
Lone  Rock. 


a  Merriam,  op.  cit.,  p.  292.  bidem,  p.  293.  <-  Idem,  p.  294.  didem,  p.  295. 
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COLUMBIA   RIVEE  LAVA. 

So  far  as  can  now  he  made  out  the  great  Cblumbia  River  lava  once 
covered  practically  the  entire  John  Day  country,  with  few,  if  any, 
points  projecting  above  it.  It  consists  of  a  large  number  of  basalt  flows 
which  are  sometimes  separated  by  beds  of  tuff,  and  it  is  estimated  by 
Dr.  Men'iam  to  be  not  less  than  1,0()0  feet  in  thickness,  and  in  many 
cases  it  seems  to  be  still  thicker.  This  lava  sheet  has  l)een  compara- 
tively little  disturbed,  i-emaining  practically  flat  over  the  entire  region, 
being  rarely  inclined  more  than  5^  or  10^. 

MASCALL  *X)BMATION. 

At  several  points  within  the  basin  there  is  a  series  of  sediments 
resting  upon  the  Columbia  River  lava  to  which  Dr.  Men'iam  has  given 
the  name  Mascall  fonnation.  This  series,  or  portions  of  it,  has  been 
variously  known  in  literature  as  the  Cottonwood  beds,  Loup  Fork 
beds,  the  Ticholeptus  beds,  the  Amyzon  beds  in  part,  and  finally  the 
Protolabis  beds.  For  one  reason  or  another  these  various  terms  are 
inapplicable.  Thus  "Cottonwood"  is  preoccupied  by  its  use  for  a 
Carboniferous  formation  in  Kansas;  its  correlation  with  the  Loup 
Fork,  the  Amyzon  beds,  and  the  Ticholeptus  beds  is  open  to  doubt, 
leaving  only  Wortman's  term,  Protolabis  beds,  which,  in  Dr.  Merri- 
ara's  opinion,  will  cover  only  a  portion  of  the  section.  The  name  Mas- 
call  formation  was  suggested  by  the  occurrence  of  the  typical  section 
near  the  Mascall  ranch,  4  miles  below  Dayville. 

At  Rattleflnake  Creek,  near  Cottonwood,  the  Mascall  is  not  less  than  800  to  1,000 
feet  thick.  The  beds  are  made  up  largely  of  ash  and  tuff,  and  are  generally  light 
colored,  though  there  are  some  brownish  and  reddish  strata.  Coarse,  detrital  mate- 
rials are  generally  absent  from  the  typical  section. « 

The  Mascall  formation  has  afforded  a  large  and  varied  fauna,  con- 
sisting of  manmaals,  testudinates,  and  fish,  and  a  large  and  interesting 
flora.  The  Van  Horn's  or  Belshaw's  ranch  locality  is  in  this  forma- 
tion, occurring  near  the  base  of  the  section.  The  plants  are  preserved 
in  a  soft,  white,  fine-grained  ash  or  tuflF,  which  is  often  10  feet  in  thick- 
ness, though  usually  less.  This  material  is  so  light  when  dry  that  it 
readily  floats  for  some  time  on  water. 

RATTLESNAKE   POEMATION. 

Dr.  Merriam  has  given  the  name  Rattlesnake  formation  to  a  series 
of  coarse  gravels,  tuffs,  and  rhyolite  flows  that  rest  unconformably 
upon  the  Mascall  formation.  These  beds  are  very  slightly  inclined, 
showing  a  dip  of  only  about  5^. 

a  Merriam,  op.  dt.,  p.  307. 
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....  At  one  locality  on  Birch  Creek,  where  a  section  of  the  Rattlesnake  was  care- 
fully examined,  it  was  found  to  comprii*e  *J0  to  40  ft*et  of  t-oarse  basal  gravels,  above 
this  about  25  feet  of  soft  brown  tuff,  and  capping  thii»  about  30  feet  of  rhyolite.  At 
other  loi'alities  more  than  100  feet  of  pravel  have  be*^  s*een  upon  the  rhyolite.  The 
basal  gravel  beds  show  a  thickness  of  200  feet  or  more  in  other  localities.  They  are 
frequently  very  coarse  and  contain  many  pebbles,  e\-i<lently  derived  from  the  Colum- 
bia [River]  lava.« 

The  Rattlesnake  forraation  has  therefore  not  yielded  fossil  plants, 
but  contains  a  considerable  vertebrate  fauna. 

RIVER  TERRACES. 

At  many  places  along  the  John  Day  and  its  tributaries  "'one  or 
more  terraces  are  to  be  found  not  far  above  the  existing  floor  of  the 
valley."  In  several  localities  they  have  been  found  to  contain  undis- 
turbed remains  of  Elephoi^  j^rimlgeriim. 

LOCALITIBS  FOR  FOSSIL  PLANTS  IN  THE  JOHN  DAY  BASIN. 

1.  Bridge  Creek,  about  6  miles  southeast  of  Burnt  ranch  and  2i 
miles  southwest  of  The  Dalles  military  road  at  Allen's  ranch.  Collec- 
tions at  this  place  have  Iwen  made  by  Condon,  Voy,  Bendii-e,  Merriam, 
Osmont,  and  Knowlton. 

2.  Road  crossing  at  Cherry  Creek,  about  10  miles  northwest  of 
Burnt  ranch.  Collections  made  by  Merriam's  party  in  1900  and  by 
Knowlton  and  Merriam  in  1901.  The  original  localit}'  which  aflforded 
the  specimens  studied  by  Lesquereux  and  Newberry  is  said  to  be 
about  2  miles  up  Cherry  Creek  from  the  point  where  the  military  road 
first  crosses  it. 

3.  Currant  Creek,  Crook  County.  Several  species  were  described 
by  Newberry  from  collections  made  by  Condon  at  this  locality. 
Only  one  of  these  species  has  been  since  obtained  in  this  area  and 
then  not  at  the  original  place,  but  at  Cherry  Creek.  The  type  local- 
ity is  unknown. 

4.  One  and  one-half  miles  east  of  Clarnos  ferry.  Collection 
made  by  Merriam's  party  in  1900. 

5.  Three  miles  above  Clarnos  ferry.  Collection  made  by 
Merriam's  party  in  1900. 

6.  One-half  mile  northeast  of  Fossil.  Collection  made  by 
Merriam's  party  in  1900. 

7.  Three  and  one-half  miles  south  of  Lone  Rock.  Collection 
made  by  Merriam's  party  in  1900. 

8.  Van  Horn's  ranch  (now  Belshaw's  ranch),  about  halfway 
between  Canyon  and  Dayville,  on  East  Fork  of  John  Day  River. 
Original  locality  south  side  of  military  road  and  near  bed  of  stream. 
Collections  made  by  Condon,  Voy,  Bendire,  Merriam,  and  Knowlton 
and  Merriam. 

a  Merriam,  op.  cit.,  p.  310. 
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9.  Belshaw^s  ranch,  at  white  hill  about  one-half  mile  northeast  of 
original  locality  and  on  north  side  of  military  road.  Collections  made 
probably  by  Bendire  and  by  Knowlton  and  Menuam. 

10.  Belshaw's  ranch,  in  gulch  1  mile  northeast  of  Belshaw's 
house  and  about  2  miles  east  of  original  locality.  Collection  made  by 
Knowlton  and  Merriam. 

11.  Officer's  ranch,  one-fourth  mile  from  John  Day  River,  lower 
end  of  Butler  Basin  (Butler  Basin  =  upper  end  of  Turtle  Cove).  Col- 
lection made  by  Merriam,  July  22,  1901. 

12.  Four  miles  east  of  Datville,  south  side  of  East  Fork  Valley. 
Collection  made  by  Merriam's  party  in  1900. 

SYSTEMATIC  DESCRIPTION  OF  SPECIES. 

Family  SCHIZ^ACE^. 

Lygodium  KAULFUsn  Heer. 

Ltoodium  Kaulfusii  Heer.    Newberry,  Later  Extinct  Floras,  p.  1,  PI.  LXII,  figs.  1-4, 

1898. 
Lygodium  neuropteroides  Lesq.,  Tert  Fl.,  p.  61,  PI.  V,  figs.  4-7;  PI.  VI,  fig.  1,  1878; 

Proc  U.  8.  Nat  Mus.,  Vol.  XI,  p.  24,  1888. 

As  it  now  seems  pretty  generally  agreed  that  Lesquereux's  Lygodium 
neuropteroides  is  the  same  as  Z.  KoAilfmii  of  Heer,  all  the  Oregon 
material  has  been  so  referred. 

The  material  from  Cherry  Creek  collected  by  Major  Bendire  embraces 
some  forty  more  or  less  perfect  examples."  The  expedition  of  the 
University  of  California  of  1900  obtained  four  examples  of  this  species 
at  Cherry  Creek  in  a  matrix  corresponding  to  that  first  mentioned 
above,  and  a  number  of  additional  specimens  were  obtained  by  Dr. 
Merriam  and  myself  at  the  same  place  in  1901. 

Locality. — Chen-y  Creek,  Crook  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2505),  by  Merriam's 
party  in  1900  (Mus.  Univ.  Cal.,  Nos.  176,  177,  183,  224),  and  by 
Knowlton  and  Merriam  in  1901  (U.  S.  Nat.  Mus.,  Nos.  9059-9066). 

Family  POLYPODIACEiE. 
AsPLENiUM  8UBSIMPLEX  (Lcsq.)  Knowltou. 

A8PLKNTUM  8UB8IMPLEX  (Lefiq.)  Knowlton,  Cat.  Cret.  and  Tert.  PI.  N.  A.,  p.  45, 1898. 
PUtui  subgimpUx  Lesq.,  Proc.  U.  S.  Nat  Mus.,  Vol.  XI,  p.  24,  1888. 

There  are  fragments  of  several  fronds  in  the  collection  that  should 
probably  be  referred  to  this  species,  yet  they  do  not  quite  agree  in  all 
particulars.     Thus  the  example  secured  by  Bendire  (U.  S.  Nat.  Mus., 

a  A;s  already  pointed  out  (ante  p.  13)  the  material  In  the  United  States  National  Museum  under 
this  number  appears  to  consist  of  two  very  distinct  lots.  Only  those  known  to  have  come  from 
Cherry  Creek  are  here  referred  to. 
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No.  2634)  has  the  frond  from  4.6  cm.  to  nearly  6  cm.  in  width,  while 
a  specimen  obtained  by  the  University  of  California  (No.  170,  coun 
teipart  171)  is  only  2.5  cm.  in  width.  These  measurements  are  larger 
and  smaller  respectively  than  the  usual  examples  of  A,  subshnplex 
from  Colorado,  and  the  nerv^ation  arises  at  a  less  angle  in  the  Oregon 
specimen,  but  these  differences  are  slight  and  probably  not  sufficient 
to  exclude  them  from  this  species. 

Locality. — Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.^  No.  2634),  by  Merriam's 
party  in  1900  (Mus.  Univ.  Cal.,  Nos.  170,  174),  and  by  Knowlton  and 
Merriam,  1901  (U.  S.  Nat.  Mus.,  Nos.  9068-9074). 

PtERIS  PSEUDO-PINNwfiFORMIS?  Lcsq. 

FtKRis  PSEUDO-PiNNiEFORMis  Lesq.,  Tert.  Fl.,  p.  62,  PL  IV,  figs.  3,  4,  1878. 
Pleris  pinnecfonnis  Heer.  Newberry,  Later  Extinct  Florae,  p.  7,  PI.  XLVIII,  fig.  5, 
1898. 

This  species  appears  to  have  been  found  but  once.  The  specimen 
is  now  in  the  United  States  National  Museum  and  is  preserved  in 
matrix  which  closely  resembles  that  at  Cherry  Creek. 

Locality. — Currant  Creek,  Oregon.  Collected  by  Rev.  Thomas 
Condon  (U.  S.  Nat.  Mu3.,  No.  8098). 

Lastrea  (Gonioptems)  Fischeri?  Heer. 

Lastrka  (Gonioptkris)  Fischeri  Heer,  Fl.  Tert  Helv.,  Vol.  I,  p.  34;  Pl.  IX,  figs. 

3a-3e,  1855;  Newberry,  Later  Extinct  Floras,  p.  10,  PI.  XLVIII,  fig.  6,  1898. 
Lastrea  Knightiana  Newb.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  503,  1883. 

The  specimen  upon  which  this  determination  was  based  is  in  the 
United  States  National  Museum,  and  so  far  as  known  no  others  have 
since  been  obtained. 

Locality. — Currant  Creek,  Oregon.  Collected  by  Kev.  Thomas 
Condon  (U.  S.  Nat.  Mus.,  No.  7097). 

Family  EQUISETACE^H 

Equisetum  oregonense  Newb. 

EopisETUM  OREGONENSE  Newb.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  503,  1883;  Later 

Extinct  Floras,  p.  14,  PI.  LXV,  fig.  7,  1898. 
Equmium  Homii  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  23,  1888. 

After  a  careful  examination  of  the  forty  or  more  specimens  of 
Lesquereux's  E.  IFoymii  I  am  convinced  that  they  are  the  same  as 
Newberry's  K  oregmierwe.  They  are  better  preserved  than  New- 
berry's material,  many  of  them  not  being  compressed  in  the  least 
Two  or  three  flat  specimens  have  a  width  of  fully  3  cm.,  and  the  non- 
compressed  examples  mnge  from  1.25  cm.  to  over  1.5  cm.  in  diameter. 
Several  of  the  diaphragms  are  preserved  without  distortion.  They 
are  from  1.25  to  2  cm.  in  diameter  and  evidently  several  millimeters 
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in  thickness.  The  sheaths  are  short  and  provided  with  short,  obtuse 
dentations.  The  teeth  are  nearly  obsolete.  The  number  of  striations, 
as  nearly  as  can  be  made  out,  is  between  forty  and  fifty. 

Locah'ti^s, — Curmnt  Creek,  Oregon.  Collected  by  Rev.  Thomas 
Condon  (type  of  E,  oregoTieme^  which  is  in  Mus.  Columbia  Univ., 
N.  Y.).  Cherry  Creek,  Crook  County,  Oregon.  Collected  by  Maj. 
Charles  E.  Bendire  (type  of  E.  Ilornii,  U.  S.  Nat.  Mus.,  No.  2464, 
41  specimens);  by  Merriam's  party  in  1900  (Mus.  Univ.  Cal.,  Nos.  184, 
185,  922),  and  by  Knowlton  and  Merriam  in  1901  (U.  S.  Nat.  Mus., 
No.  9067).  Also  3  miles  above  Clarnos  Ferry.  Collected  by  Mer- 
riam's expedition  of  1900  (Mus.  Univ.  Cal.,  Nos.  184,  185,  910,  922). 

Equisetum  sp. 
PI.  I,  fig.  1. 

The  collection  contains  a  small  fragment  that  appears  to  represent 
a  short  portion  of  the  stem  and  a  single  sheath  of  an  Equisetum. 
The  stem  is  about  0.5  cm  in  diameter,  while  the  sheath  is  about  8  mm. 
long  and  4  mm.  broad  at  the  upper  extremit3^  It  is  not  well  enough 
preserved  to  show  the  full  character  of  the  sheath,  but  as  nearly  as 
can  l>e  raade  out  it  was  provided  with  about  16  ribs  and  presumably 
an  equal  number  of  sharp  teeth. 

Locality. — Gulch  1  mile  northeast  of  Belshaw's  much.  Grant  County, 
Oregon.  Collected  by  Knowlton  and  Merriam,  July,  1901  (U.  S. 
Nat.  Mus.,  No.  8503). 

Family  GINKGOACE^. 

Ginkgo  sp. 

PL  I,  fig.  5. 

The  collection  contains  a  f  mgment  of  what  appears  to  be  a  leaf  of 
Ginkgo,  but  it  is  too  much  broken  to  make  out  any  of  the  essential 
characters.  The  most  that  can  be  said  is  that  it  must  have  been  a  large 
leaf  as  compared  with  the  living  species. 

Locality, — Mascall  beds,  Van  Horn's  ranch,  about  12  miles  west  of 
Mount  Vernon,  Grant  County,  Oregon.  Collected  by  John  C.  Mer- 
riam, July,  1901  (U.  S.  Nat.  Mus.,  No.  8536). 

Family  PINACEiE. 
Sequoia  Heerii  Lesq. 

Sequoia  Heebii  Lesq.,  Tert.  FL,  p.  77,  PI.  VII,  iigs.  11-13,  1878;  Newberry,  Later 
Extinct  Floras,  p.  20,  PI.  XLVII,  fig.  7,  1898. 

In  the  Later  Extinct  Floras  there  is  a  fine  figure  of  this  species,  but 
according  to  the  note  by  the  editor,  Dr.  Hollick,  there  was  no  clew  to 
the  locality  whence  the  specimen  came.     The  original  is  not  now  in 
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the  collection  of  the  United  States  National  Museum,  so  it  is  impossi- 
ble to  compare  the  matrix  with  that  from  Bridge  Creek,  but  in  the 
material  from  this  locality  obtained  by  Major  Bendire  there  is  a  fine 
specimen  that  is  absolutely  the  same  as  Lesquereux's  type  (U.  S.  Nat. 
Mus.,  No.  60)  from  Sage  Creek,  Montana.  It  is  also  identical  with 
the  figure  given  by  Newberry,  and  as  this  species  has  never  before 
been  found  outside  of  the  type  locality  it  is  more  than  probable  that 
Newberry's  specimen  was  from  Bridge  Creek. 

Locality. — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  9220). 

Sequoia  angustifolia  Lesq. 

Sequoia  angustifolia  Lesq.,  Cret  and  Tert.  Fl.,  p.  240,  PI.  L,  fig.  6,  1883. 
Sequoia  Nordenskioldii  Heer.     Lesquereux,  Proc.  U.  S.  Nat  Mus.,  Vol.  XI,  p.  19, 1888. 

The  Mascall  beds  at  Van  Horn's  ranch  contain  a  large  number  of 
specimens  that  are  undoubtedly  the  same  as  Lesquereux's  Sequoia 
angustifolia  from  Corral  Hollow,  San  Joaquin  County,  California. 
Whether  the  California  material  is  identical  with  the  original  mate- 
rial" from  Elko,  Nevada,  I  am  not  prepared  to  say,  as  the  types  are 
not  at  hand  for  comparison,  but  a  large  number  of  specimens  obtained 
during  the  past  season  at  Elko  by  Prof.  George  C.  Lawson,  of  the 
University  of  California,  are  absolutely  indistinguishable  from  the 
specimens  as  figured  by  Lesquereux.  Such  of  this  material  as  passed 
through  Lesquereux's  hands  was  referred  by  him  to  Glyptostrobtis 
Ungeri  with  the  exception  of  a  single  undoubtedly  similar  example, 
which  was  placed  under  Sequoia  Nordenskioldii  as  set  forth  in  the 
above  synonymy.  This  can  not  be  properly  referred  to  American 
specimens  of  Glyptostrobm  Ungeri^  although,  as  I  have  stated  on 
several  occasions,*  the  status  of  this  form  is  at  present  unsatisfactory. 

In  seeking  for  affinities  for  these  Oregon  specimen.-*  I  have  compared 
most  of  the  figures  of  conifers  given  by  Heer  in  his  Flora  Fossilis 
Arctica  and  other  publications,  and  I  am  forced  to  the  conclusion  that 
there  has  been  more  or  less  confusion  in  dealing  with  these  forms. 
Thus  I  am  not  able  to  distinguish  what  is  called  by  Heer  Glyptostrobus 
europdeus  from  the  Baltic  Miocene*^  from  the  Van  Horn's  ranch  speci- 
mens, and  what  seems  to  be  the  same  species  or  something  very  close 
to  it  is  called  Tajrodlum  Tlnajorxun  Heer''  from  the  Miocene  of  Spitz- 
bergen.  The  whole  subject  of  the  Tertiary  conifers,  especially  of 
northern  and  arctic  lands,  is  much  in  need  of  revision,  and  pending 
this  the  form  under  discussion  may  be  referred  to  Lesquereux's  Sequoia 
a/tigmtifolla  as  typified  from  Corral  Hollow,  California. 

In  the  original  description  S,  angustifolia  is  characterized  as  fol- 
lows:   "Leaves    short,    narrow,   linear  pointed,   erect    or    slightly 

oSee  Tert.  Fl.,  p.  77.  PI.  VII,  figs.  6-10,  1878.     cMioc.  Biilt.  Fl.,  PI.  Ill,  figs.  8,  9. 

b  Cf.  Cat  Cwt  and  Tert.  PI.  N.  A.,  p.  113.        rf  Fl.  Fo-«.  Arc.,  VoL  II,  Ablh.  8,  PI.  IV,  flgs.  6,  29,  etc 
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appressed  all  aroand  the  branches,  decurring  at  base."  This  in  the 
Tertiary  Flora  is  amended  to  read:  •"  Branchlet^  short,  slender;  leaves 
at  unequal  distances,  sometimes  very  close,  two  or  three  together,  or 
very  distant,  often  dimorphous,  linear  lanceolate,  taper  pointed,  open 
or  curved  backward,  decurrent;  middle  nerv^e  indistinct."  In  the 
discussion  in  the  latter  book  Lesquereux  emphasizes  the  fact  that  the 
leaves  are  ''decurrent  but  not  narrowed  at  Imse." 

All  things  considered  this  description  agrees  well  with  the  specimens 
from  Oregon,  but  the  material  from  Elko,  obtained  during  the  sum- 
mer of  1901  and  presumably  at  or  near  the  type  locality,  shows  a  slight 
narrowing  of  the  leaves  at  the  base  and  a  tendency  to  be  less  acute  at 
the  apex. 

Locality. — Mascall  beds,  Van  Horn's  ranch  and  vicinity,  about  12 
miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Cbllected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2610),  and  by  Knowlton 
and  Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  Nos.  9029-9033). 

Sequoia  Langsdorfii  (Brgt.)  Heer. 

Sequoia  Langsdorfii  (Bi^.)  Heer.    Lesquereux,  Proc.  U.S.  Nat.  Mus.,  Vol.  XI,  p. 

19,  1888. 
Toxadium  diatichum  miocenum  Heer.  Newberry,  Later  Extinct  Floras,  p.  22,  PI. 

XL\^I,  fig.  6,  1898. 

The  collections  contain  a  number  of  examples  that  undoubtedly 
belong  to  this  species,  although  some  of  them  do  not  agree  in  all  par- 
ticulars with  certain  of  the  published  figures.  The  branchlets  are 
rather  small,  with  small  leaves,  but  the  latter  are  distinctly  decurrent, 
after  the  manner  of  S.  Ijmgsdorfii. 

The  Bridge  Creek  material,  which  passed  through  the  hands  of 
Newberry,  was  identified  by  him  as  Taxodlurn  dUtichwn  miocenum^ 
but  absolutely  similar  material  was  referred  by  Lesquereux  to  Seqxuna 
Langsdorfii^  and  I  believe  coiTCctly  so. 

This  species,  although  not  especially  abundant  at  any  locality  in  the 
John  Day  Basin,  is  widely  distributed,  as  may  be  seen  from  the  fol- 
lowing list  of  localities: 

Localities.  — Bridge  Creek.  Collected  by  Rev.  Thomas  Condon  (U.  S. 
Nat.  Mus.,  No.  7086),  by  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus., 
Nos.  9ii36,  9281,  9285,  9303,  9314,  9330,  9376),  and  by  Knowlton  and 
Merriam.  One  and  one- half  miles  east  of  Clarnos  Ferry.  Collected  by 
Merriam's  expedition  of  1900  (Mus.  Univ.  Cal.,  Nos.  896,  907,  914.) 
One  and  one-half  miles  northeast  of  Fossil.  Collec^ted  by  Merriam's 
expedition  of  1900  (Mus.  Univ.  Cal.,  Nos.  925,  927,  929).  Three  and 
one-half  miles  south  of  Lone  Rock.  Collected  by  Mcrriam's  expedi- 
tion of  1900  (Mus.  Univ.  Cal.,  No.  1339).  Mascall  beds,  Van  Horn's 
ranch  and  vicinity.  Collected  by  Major  Bendire  (U.  S.  Nat.  Mus., 
No.  2607),  and  by  Knowlton  and  Merriam,  July,  1901  (U.  S.  Nat. 
Mus.,  NO&895&-8960). 
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Sequoia  sp.  (Cone). 
PI.  I,  fig.  2. 

The  original  collection  contains  a  large  cone  that  was  referred  by 
Lesquereux  to  Sequoia  Liingadorfli^  but  it  does  not  appear  to  agree  in 
size  with  the  cones  usually  assigned  to  that  species.  This  cone  is  a 
little  more  than  2.5  cm.  in  length  and  nearly  2  cm.  thick,  and  stands 
on  a  thick  peduncle  7  mm.  long  and  nearly  3  mm.  thick.  It  has  been 
much  crushed,  and  the  shape  of  the  scales  can  not  be  made  out  with 
certainty.  In  general  appearance,  however,  it  seems  to  belong  to 
Sequoia,  but  the  species  must  remain  uncertain. 

Locality, — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  8510). 

Thuites  sp. 

PI.  I,  fig.  3. 

Branchlets  slender,  alternate,  leaves  thickish,  4-ranked,  imbricated, 
the  lateral  ones  broad-deltoid,  rather  obtuse  pointed,  others  apparently 
broader  and  more  obtuse,  obscureh"  carinate  on  the  back. 

The  little  fragment  figured  is  all  that  has  been  thus  far  found  in  the 
collections.  The  branchlets  appear  to  be  alternate  and  slender.  As 
nearly  as  can  be  made  out,  the  leaves  are  4:-ranked  and  very  thick,  with 
obtuse  apices. 

This  form  does  not  differ  greatly  from  71  Ehrerimooirdi  Heerj^from 
the  Miocene  of  Sachalin,  and  Spitzbergen. 

This  has  slender,  alternate  branchlets  and  thick  4-ranked  leaves. 
They  are  more  strongly  carinate  on  the  back  than  ours,  but  otherwise 
there  is  no  marked  difference.  As  the  branchlets  from  Oregon  are  so 
small  and  not  very  well  preserved,  I  have  hesitated  to  identify  them 
with  Heer's  species,  although  they  may  all  be  the  same. 

Locality.  —Van  Horn's  ranch,  12  miles  west  of  Mount  Vernon,  Grant 
County,  Oregon.  Collected  by  Merriam's  expedition  of  1900  (Mub. 
Univ.Cal.,  No.  879). 

Glyptostrobus  Unoeri  Heer. 

GLYPTosTROBrs  Ungeri  Heer.     Lesquereux,  Proo.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  19, 

1888. 
Sequoia  NordenskiohUi  Heer.  Lesquereux,  op.  cit.,  p.  19. 

The  collection  contains  numerous  specimens  that  are  referred  to  this 
species.  As  I  have  pointed  out  on  several  occasions,  there  is  more  or 
less  confusion  regarding  the  proper  fixing  of  the  limits  of  this  species. 
It  is  apparent  that  there  is  or  has  been  a  mixing  of  this  with  what  has 

a  Fl.  Foss.  Arct.,  Vol.  II,  p.  36,  PI.  II,  figs.  25,  26, 1870;  idem,  Vol.  V,  Abth.  4,  p.  23,  PI.  I,  figs,  12-14, 1878. 
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been  called  G.  europsem^  Sequoia  Coutt&ise^  etc. ,  but  we  have  not  a  suffi- 
cient amount  of  authentic  material  to  enable  us  to  settle  the  question. 

The  single  specimen  with  its  counterpart  (IT.  S.  Nat.  Mus.,  No.  2610), 
referred  by  Lesquereux  to  Sequoia  Nord<>mh!oldil^  is  undoubtedly  the 
same  as  what  is  here  called  Glyptosfrohm  Uiujirt, 

Locality. — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Orant  County,  Oregon..  Collected  by  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  Nos.  2480,  2610)  and  by  Merriam's  expedition  of  1900  (Mus. 
Univ.  Cal.,  Nos.  863,  872-882). 

Taxodium  distichum  miocenum  Heer. 

The  collections  embrace  a  dozen  or  more  branchlets  that  I  am  con- 
strained to  refer  to  this  form.  They  do  not  agree  perfectly  with  cer- 
tain figures  of  this  species,  but  the  differences  are  slight,  and  they  had 
best  be  placed  here.  Unless  material  is  very  perfectly  preserved  it  is 
difficult  to  determine  the  exact  manner  of  the  insertion  of  the  leaves, 
and  such  is  the  case  with  these  specimens. 

Locality. — Mascall  beds.  Van  Horn's  ranch,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2614)  and  by  Merriam's 
expedition  of  1900  (Mus.  Univ.  Cal.,  No.  878a). 

Taxodfum,  male  aments  of. 

PI.  I,  figs.  4,  6. 

In  the  material  from  the  Mascall  beds  are  two  specimens,  both  of 
which  are  here  figured,  that  appear  to  represent  the  male  aments  of 
Taxodium.  They  are  long,  slender,  and  clustered,  with  the  aments 
on  short  lateral  spurs.  They  are  hardly  to  be  distinguished  from 
the  aments  of  the  living  Taxodium  dii<t!chum^  and  in  all  probability 
belonged  to  T.  di^ichum  miocemun^  which  is  not  uncommon  in  these 
beds. 

Locality. — Mascall  beds,  Van  Horn's  ranch,  Oregon.  Ijarger 
specimen  (fig.  4)  collected  by  Merriam's  expedition  of  1900  (type  in 
Mus.  Univ.  Cal.,  No.  889).  Other  example  (tig.  6)  collected  by 
Knowlton  and  Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  No.  8551). 

Family  GRAMINEJi. 

Phkagmites  (eningensis  A1.  Br. 

Phragmites  (ENINGENSIS  Al.  Br.    Lesquereux,  Proc.  U.  8.  Nat.  Mup.,  Vol.  XI,  p. 
19,  1888. 

Djcality. — ^Van  Horn's  ranch,  about  12  miles  west  of  Mount  Ver- 
non, Grant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire 
(U.  S.  Nat.  Mus.,  No.  2630). 
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Family  CYPERACE^. 
Cyperacites  sp. 

PI.  I,  fig.  9. 

The  collection  contains  a  ^*ingle  specimen  that  appears  to  be  the  leaf 
of  a  large  cyperaceous  plant.  It  is  about  1  cm.  in  width  and  has  about 
10  ribs  or  striae  through  it,  but  there  is  hardly  enough  to  afford  any 
characters  of  importance,  and  it  is  included  simply  to  show  that  this 
type  of  vegetation  was  present. 

lAJcallty. — Mascall  beds,  Van  Horn's  ranch,  12  miles  west  of  Mount 
Vernon,  Grant  County,  Oregon.  Collected  by  Knowlton  and  Mer- 
riam,  July,  1901  (U.  S.  Nat.  Mus.,  No.  8542). 

Family  SMILACE^. 

Smilax  Wardu  Lesq. 

Smilax  Wardii  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  19,  PI.  XIII,  fig.  1,  1888. 

The  type  specimen,  with  its  counterpart,  is  all  that  has  ever  been 
obtained. 

Locality. — Van  Horn's  ranch.  South  Fork  of  John  Day  River,  12 
miles  west  of  Mount  Vernon,  Oregon.  Collected  by  Maj.  Charles  E. 
Bendire  (U.  S.  Nat.  Mus.,  No.  2613). 

MONOCOTYLEDONOUS  PLANT. 

PI.  I,  fijrs.  7,  8. 

Among  the  collections  lately  obtained  by  the  University  of 
California  I  found  two  examples  of  what  arc  undoubtedly  monocoty- 
ledonous  plants,  the  nature  of  which  I  am  at  present  unable  to 
satisfactorily  describe.  The}'  are  shown  as  well  as  possible  in  the 
accompanying  figures. 

The  one  shown  in  fig.  7  is  al)out  6.5  cm.  in  length,  as  now  preserved, 
and  1.5  cm.  in  width.  It  is  bifurcate  at  apex  into  two  nearly  equal, 
acute  lobes.  It  is  provided  with  some  8  or  9  longitudinal  ribs, 
separated  by  rather  deep  channels. 

The  other,  shown  in  fig.  8,  is  rather  elliptical-lanceolate  in  shape 
and  is  apparently  acuminate  at  apex,  but  the  extreme  point  and  the 
base  are  not  preserved.  It  is  the  same  length  as  the  other,  but  is  a 
little  wider,  being  1.75  cm.  It  is  likewise  provided  with  8  or  9  ribs, 
between  which  are  numerous  finer  stria?  or  veins.  The  basal  end  is 
truncated,  as  though  it  was  a  sheathing  organ  of  some  kind. 

In  general  appearance  these  specimens,  and  especially  the  one  last 
mentioned,  are  at  lea^t  suggestive  of  what  Lesquereux^  has  described 


oTert.  Fl.,  p.  28,  PI.  I,  ligs.  10,  11,  187.S 
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as  Podazamite^  Mongvs^  from  the  Dakota  group  of  Kansas,  but  this  is 
without  the  prominent  ribs  seen  in  our  specimens.  This  resemblance 
can  hardly  be  more  than  superficial,  and  we  must  await  future  material 
before  the  status  of  these  specimens  can  be  definitely  settled. 

Locality. — Bridge  Creek,  Oregon.  ColIecti»d  by  Merriam's  party  of 
1900  (types  in  Mus.  Univ.  Cal.,  Nos.  2500,  2501). 

Family  SALICACE^. 

PopuLUS  LiNDGRENi  Knowlton. 

PL  II,  fi%.  1. 

PopULUs  LiNDGRENi  Knowlton,  Eighteenth  Ann.  Rept.  U.  S.  Geol.  Surv.,  Pt  III, 
p.  725,  PL  C,  fig.  3,  1898. 

The  collections  from  near  Van  Horn's  ranch,  made  during  the  season 
of  1901  by  Dr.  Merriam  and  myself,  contain  a  single  very  perfectly 
preserved  leaf  that  must  be  referred  to  this  species.  It  differs  slightly 
from  the  type  in  being  more  nearly  circular  in  shape,  but  in  matter  of 
size,  marginal  teeth,  and  nervation  the  two  specimens  are  identical. 

Locality. — White  hill  one-half  mile  east  of  original  Van  Horn's 
ranch  locality.  Grant  County,  Oregon.  Collected  by  Knowlton  and 
Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  No.  8512).  Type  specimen 
from  2  miles  southeast  of  Marsh  post-oflBce,  Boise  County,  Idaho 
(U.  S.  Nat  Mus.,  No.  8292). 

Saux  Schimpeki  Lesq. 

Saui  Schimpebi  Lesq.,  Proc.  U.  S.  Nat.  Mns.,  Vol.  XI,  p.  21,  PI.  XIII,  fig.  5,  1888. 

Locality. — Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2595). 

Saux  Engelhardti  Lesq. 

Saux  Engelhardti  Lesq.,  Proc.  U.  8.  Nat.  Mus..  Vol.  XI,  p.  17,  PI.  VIII,  fig.  2, 1888. 
Cassia  phaseolitesf  XJng.    Leequereux,  idem.,  p.  16. 

It  seems  doubtful  if  this  is  correctly  referred  to  Salix,  but  as  no  new 
material  except  a  specimen  to  be  mentioned  below  has  come  to  light, 
it  may  be  best  to  retain  it  as  left  by  its  author. 

It  was  observed  that  the  single  example  referred  by  Lesquereux  to 
Cdnsia pJuiseoUtes?  Ung.  bad  a  sen^ate  margin,  which  would  exclude  it 
from  this  genus,  and  a  further  comparison  convinces  me  that  it  is 
another  leaf  of  Salix  Engelhardti.  It  is  a  small  leaf,  not  quite  so 
broad  relatively  in  the  upper  part,  but  it  has  a  base  of  the  same  shape, 
the  same  serrate  margin,  and  the  same  nervation  as  this  species,  and 
is  therefore  referred  to  it.  It  becomes  then  the  second  known  speci- 
men of  S.  Engdha/rdH. 


Digitized  by 


Google 


30         FOSSIL    FLORA    OF   THE   JOHN    DAY    BASIN,   OREGON.      [bull.2M. 

Locality, — Van  Horn's  much,  South  Fork  of  John  Day  River,  about 
12  miles  west  of  Mount  Vernon,  Grant  County,  Ore^^on.  Collected 
by  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  Nos.  2455,  2589.) 

Salix  R^ana?  Heer. 

Salix  R;eana?  Heer.     Lewiuereux,  Pkh*.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  17,  1888. 

It  is  extremely  doubtful  if  this  is  correctly  identified,  as  the  speci- 
men upon  which  it  is  based  is  very  poor,  but  as  no  other  example  has 
been  found  it  may  remain  as  above.  Little  weight  should  be  attached 
to  it,  however. 

Locality. — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  251)4). 

Salix  varians  G5ppert. 

Salix  varians  GopixTt.     Leaquereux,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  17,  1888. 

I  regard  this  identification  a^s  more  or  less  doubtful.  It  is  smaller 
than  the  usual  form  of  this  species,  although  similar  in  size  and 
ap{)earance  to  a  leaf  so  determined  by  Heer"  from  Alaska.  It  is  the 
only  example  found. 

Locality, — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
(irant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  2596). 

Salix  angusta  A1.  Br. 

Salix  anchsta  A1.  Br.     I^squereux,  Cret.  and  Tert.  FL,  p.  247,  PI.  LV,  fig.  6, 1883. 

These  are  two  narrow  leaves  that  agree  closely  with  the  smaller 
figures  given  by  Lesq  uereux  as  above  quoted.  The  locality  is  stated 
to  be  ^'Oldfield  claim,  Oregon,"  but  I  have  been  unable  to  further 
identify  the  place.  The  type  specimen  is  preserved  in  the  paleonto- 
logical  collection  of  the  University  of  California  (No.  1963),  and  the 
leaves  under  consideration  appear  to  be  the  same  as  the  leaves  from 
this  unknown  looility  in  Oregon.  It  does  not  follow,  however,  that 
they  should  be  regarded  as  identical  with  all  leaves  that  have  been 
referred  to  this  species  from  other  localities. 

Locality, — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  b^^  Merriam's  expedition  ot  1900 
(Mus.  Univ.  Cal.,  Nos.  85,  87.) 

Salix  amtgdal^folia  Lesq. 

Salix  amygd.f.folia  Lesq.,  Cret.  and  Tert.  Fl.,  p.  156,  PI.  XXXI,  figp.  1,  2,  1888. 
Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  17,  1888. 

Locality, — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  2587). 

aFl.  Foss.  Alaflk.,  p.  27,  PI.  II,  fig.  8,  1869. 
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Salix  pseudo-argentea  n.  sp. 

PL  II,  figs.  2-4. 
Sapindus  angtiftifolim  Lesq.,  Proc.  U.  8.  Nat.  Mus.,  Vol.  XI,  p.  15,  1888. 

Leaves  of  firm  texture,  lanceolate  or  narrowly  ovate-lanceolate  in 
feihape,  narrowed  about  equally  to  both  base  and  apex;  margin  per- 
fectly entire;  petiole  short,  rather  slender;  midrib  rather  strong; 
secondaries  numerous,  some  12  or  15  pairs,  at  an  acute  angle,  thin  and 
nearly  concealed  in  the  substance  of  the  leaf,  camptodrome;  finer 
nervation  not  preserved. 

I  refer  a  large  number  of  specimens  to  this  form,  among  them  one 
that  was  identified  by  Lesquereux  as  Sajnnd^is  angtistl/oUuH,  They 
are  mainly  small,  narrow  leaves  from  4  to  6  cm.  in  length  and  from 
1  to  1.6  cm.  in  width.  The  petiole  is  5  mm.  long,  and,  as  stated 
above,  slender  for  the  size  of  the  leaf.  This  form  has  a  close  resem- 
blance to  the  living  Salix  argentea. 

Locality. — Mascall  beds.  Van  Horn's  ranch,  about  12  miles  west  of 
Mount  Vernon,  Grant  County,  Oregon.  Collected  by  Knowlton  and 
Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  Nos.  8527,  8528,  8529). 

Salix  dayana  n.  sp. 
PI.  II,  figs.  9, 10. 

Leaves  of  firm  texture,  ovate-lanceolate  or  elliptical-lanceolate, 
truncate  or  slightly  heart-shaped  at  base,  acuminate  at  apex;  margin 
perfectly  entire;  petiole  very  short,  stout;  midrib  thick;  secondaries, 
10  or  12  pairs,  at  an  angle  of  about  40^,  thin  and  obscure,  campto- 
drome, arching  and  joining  well  inside  the  margin;  finer  nervation  not 
retained. 

I  refer  three  examples  to  this  form,  two  of  which  are  here  figured. 
The  smaller  is  4.5  cm.  long  and  1.5  cm.  wide,  the  larger  5.5  cm.  long 
and  nearly  2  cm.  wide.     The  petiole  is  about  2  ram.  long. 

Locality — Mascall  beds.  Van  Horn's  ranch,  about  12  miles  west  of 
Mount  Vernon,  Grant  County,  Oregon.  Collected  by  Knowlton  and 
Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  Nos.  8530,  8581). 

Salix  perplexa  n.  sp. 

PI.  II,  figs.  5-8. 

Leaves  of  firm  texture,  obovate-lanceolate  to  elliptical-lanceolate 
in  shape,  narrowed,  often  abruptly,  to  the  petiole,  rather  obtuse  at 
apex;  margin  entire;  petiole  short;  midrib  strong  below,  becoming 
very  thin  above;  secondaries  numerous,  12  or  15  pairs,  alternate,  at  a 
low  angle,  parallel,  effaced  near  the  margin,  but  apparently  campto- 
drome; finer  nervation  obscure,  but  apparently  producing  very  fine 
areolae. 
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This  form  is  represented  by  a  dozen  or  more  examples,  among 
which  there  is  a  considerable  range  in  size.  The  smallest  leaves 
are  only  2.25  cm.  in  length  and  13  mm.  in  width,  while  the  larger 
are  nearly  5  cm.  in  length  and  1.75  cm.  in  width.  The  average  size 
is  about  3.5  cm.  in  length  and  1.75  cm.  in  width.  The  petiole  is  6 
or  6  mm.  long. 

This  species  is  certainly  similar  in  general  appearance  to  certain 
forms  of  Satix  Behblajui^  a  species  now  widely  distributed  throughout 
the  Rocky  Mountain  area. 

Locality, — Mascall  l)eds,  Van  Horn's  ranch  and  vicinity,  about  12 
miles  west  of  Mount  Vemon,  Grant  County,  Oregon.  Collected  by 
Knowlton  and  Merriam,  July,  1901  (U.  S.  NatMus.,  Nos.  8521, 8522, 
8523,  8524). 

Saux  mixta  n.  sp. 

PI.  II,  figs.  11,  12. 

Leaves  coriaceous  in  texture,  ovate-lanceolate  or  ovate-elliptical  in 
shape,  slightly  unequal-sided,  subcordate  or  abruptly  rounded  at  ba«e; 
margin  fineh^  and  ev  enlv  serrate;  midrib  thick;  secondaries  numerous, 
rather  close,  parallel,  emerging  at  a  low,  almost  right,  angle,  cui*ving 
upward  near  the  margin,  strongly  camptodrome,  or  occasionally  with  a 
secondary  ])assing  to  the  margin;  when  camptodrome  arching  well 
inside  the  margin  with  fine  nervilles  passing  to  the  teeth;  nervilles 
numerous,  mainly  broken,  at  an  oblique  angle;  finer  nervation  form- 
ing a  very  regular  fine  mesh. 

This  form  is  represented  by  about  a  dozen  examples,  many  of  which 
are  quite  perfect.  The  longest  appear  to  have  been  about  8  cm.  in 
length  and  the  smallest  about  4  cm.  The  width  is  about  2  cm.  The 
petiole  is  not  preserved  in  any  case.  The  margin  is  uniformly  serrate. 
The  secondaries  are  numerous,  emerging  nearly  at  a  right  angle  on 
one  side  of  the  leaf  and  an  angle  of  20^  or  30^  on  the  other,  all  pass- 
ing in  the  upper  portion  to  an  angle  of  about  45^.  They  are  mainly 
camptodrome,  but  occasionally  one  passes  directly  to  the  margin. 

These  leaves  undoubtedly  belong  to  Salix  and  are  so  close  to  certain 
described  forms  that  it  is  difficult  to  determine  whether  or  not  they 
should  be  regarded  as  new. 

Locality, — Mascall  beds,  Van  Horn's  ranch  and  vicinity,  about  12 
miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Collected  by 
Knowlton  and  Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  Nos.  8525,  8526). 

Salix  sp.  ?  Knowlton. 

PI.  Ill,  fij?.  1. 

Salix  sp.,   Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  Geol.,  Vol.  II,  No.  9, 
p.  303.     1901. 

.    A  fragment  that  appears  to  belong  to  Salix.     It  is  not  sufficient  to 
settle  its  identity. 

Locality, — Three  and  one-half  miles  south  of  Lone  Rock.  Collected 
by  Merriam's  expedition  of  1900  (Mus.  Univ.  Cal.,  No.  1343). 
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Family  MYRICACE^. 

Myrica  oreooniana  n.  sp. 
PL  III,  fig.  4. 

Leaf  coriaceous,  ovate-lanceolate,  very  unequal-sided  at  base,  acumi- 
nate at  apex;  margin  coarsely  toothed,  the  teeth  upward  pointing, 
rather  obtuse;  petiole  short,  very  strong;  midrib  strong,  perfectly 
straight;  secondaries,  some  10  or  12  pairs,  thin,  arising  at  an  angle  of 
about  45°,  straight,  ending  in  the  teeth;  finer  nervation  obscure. 

The  very  perfect  example  figured,  with  its  counterpart,  is  all  thus 
far  detected  of  this  form.  It  is  rather  broadly  ovate-lanceolate  in 
shape,  cordate  on  one  side  at  base  and  very  oblique  on  the  other  side. 
The  apex  is  acuminate.  The  length  is  3.5  cm.  exclusive  of  the  petiole, 
which  is  3  mm.  long,  and  the  width  is  1.4  cm.  The  margin  is  very 
coarsely  toothed. 

This  species  is  nearest  to  Myrica  callicomsefolia  Lesq.,*  found 
abundantly  at  Elko  station,  Nevada,  and  Florissant,  Colorado.  It 
differs,  however,  in  being  relatively  much  shorter  and  broader,  and 
in  having  much  larger  teeth,  which  are  obtuse  rather  than  flat  and 
acute.     The  petiole  is  also  relatively  shorter  and  thicker. 

Locality, — White  hill,  one-half  mile  east  of  original  Van  Horn's 
ranch  locality.  Collected  by  Knowlton  and  Merriam,  July,  1901 
(U.  S.  Nat.  Mus.,  No.  8532). 

Myrica?  person ata  n.  sp. 

PI.  Ill,  fig.  2. 

Myrica  n.  ep.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  Geol.,  Vol.  IT   Ao.  9, 
p.  2d0,  1901. 

Leaf  membranaceous,  narrowly  lanceolate  in  shape,  wedge-shaped 
at  base  and  apparently  acuminate  at  apex;  margin  coarsely  and  sharply 
serrate;  midrib  very  thick,  straight;  secondaries  numerous,  about  16 
or  18  pairs,  alternate,  emerging  at  a  low  to  nearly  an  angle  of  45°  in 
the  upper  portion  of  the  blade,  somewhat  cui-ving  upward  and  ending 
in  the  teeth,  occasionally  forking  before  passing  to  the  teeth;  nervilles 
strong,  percurrent,  at  right  angles  to  the  secondaries;  finer  nervation 
producing  rectangular  areas. 

The  example  figured  unfortunately  lacks  portions  of  lx>th  base  and 
apex,  but  it  is  the  only  f r^ment  thus  far  obtained.  It  was  apparently 
about  8  or  9  cm.  long  and  is  exactly  2  cm.  wide.  It  appears  wholly 
unlike  anything  previously  described  from  this  area. 

Locality, — One-half  mile  northeast  of  Fossil,  Gilliam  County, 
Oregon.  Collected  by  Merriam's  party  of  1900  (tvpe  No.  924  in  Mus. 
Univ.  Cal.). 

aCret.  and  Tert.  Fl.,  p.  146,  PI.  XXVI.  figs.  5-14. 
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Family  JUGLANDACEiE. 

JUGLANS  RUG06A   Lesq. 

JcoLANS  RUGOSA  Lesq.,  Proc.  U.  S.  Nat  Mos.,  Vol.  XI,  p.  22,  1888. 

Represented  by  two  f ra^^fments  that  are  more  or  less  obscure  and 
doubtful.  There  is  also  a  single  fragment  obtained  by  the  expedition 
of  the  University  of  California  of  1900. 

Locality.— Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  3489)  and  by  Merriam's 
party  of  1900  (Mus.  Univ.  Cal.,  No.  188). 

JuGLANS  ?  Bendirei  n.  sp. 
PI.  Ill,  fig.  3. 
Ilexf  hngifolia  Heer.  Lesquereux,  Proc  U.  S.  Nat.  Mua.,  Vol.  XI,  p.  21,  1888. 

Leaflet  I'oriaceous  in  texture,  lanceolate,  apparently  wedge-shaped  at 
base  and  acuminate  at  apex;  margin  irregularly  and  rather  obscurely 
toothed;  midrib  very  thick,  straight;  secondaries  numerous,  rather 
close,  about  20  pairs,  alternate,  at  an  angle  of  about  45°,  somewhat 
arching  upward,  camptodrome,  arching  near  the  margin  and  each 
joining  the  one  next  above  by  a  thin  branch,  with  their  nervilles  on 
the  outside  passing  to  the  marginal  teeth;  nervilles  numerous,  percur- 
rent,  at  right  angles  to  the  secondaries;  finer  nervation  producing  a 
close  areolation. 

This  particular  specimen,  as  noted  above,  was  referred  to  Ilex  hngi- 
folia Heer,  a  species  from  the  Miocene  of  Piedmont,  but  a  com- 
parison with  the  figure  given  by  Heer  shows  that  it  is  undoubtedly 
different.  Tae  original  seems  to  have  been  a  much  shorter  leaf,  and 
while  the  Oregon  specimen  resembles  it  in  a  general  way,  there  are 
important  differences.  The  teeth  are  different,  the  secondaries  more 
numerous,  and  the  finer  nervation  is  of  a  totally  different  character. 

The  question  of  the  proper  generic  reference  of  this  leaf  or  leaflet 
is  an  open  one.  It  is  not  greatly  unlike  things  that  have  been  vari- 
ously referred  to  Ilex,  Quercus,  and  Juglans,  but  on  the  whole  seems 
to  have  closest  relationship  with  the  latter.  It  will,  however,  need 
more  and  better  material  to  settle  the  matter  definitely. 

Loca/ it f/,— Chewy  Creek,  Crook  County,  Oregon.  Collected  bj^ 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  8546,  on  same  stone 
with  2424). 

Juglans  Schimperi?  Lesq, 

Jit<;lans  Schimperi  Lesq.,  Tert.  FL,  p.  287,  PL  LVI,  figs.  5-10,  1878. 

A  single  example  that  seems  to  be  identical  with  this  species,  yet  as 
the  specimen  is  l)roken  and  is  the  only  one,  I  have  preferred  to  ques- 
tion it. 

Locality, — Bridge  Oeek,  Grant  County,  Oregon.  Collected  by 
Merriam's  expedition  of  11)00  (Mus.  Univ.  Cal,  No.  196). 
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JUGLANS  ACUMINATA?    Al.    Br. 
PI.  Ill,  fig.  5. 
JroLANA  ACTMiNATA?  Al.  Br.,  Neoes  Jahrb.,  1845,  p.  170. 

The  Bendire  cx)llection  contains  a  single  example  that  was  referred 
by  Lesquereux  to  this  species.  It  does  resemble  this,  but  may  not  be 
the  same. 

Locality. — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  3006). 

JUGLANS  CRYPTATA  n.  Sp. 
PI.  VI,  figs.  4,  5. 

Leaflets  membranaceous,  broadly  lanceolate,  narrowed  and  unequal - 
sided  at  base,  apparantly  acuminate  at  apex;  margin  denticulate 
throughout,  the  teeth  short,  rather  blunt;  midrib  very  thick;  second- 
aries numerous,  15  or  more  pairs,  thin,  alternate,  close  below,  more 
remote  above,  mostly  camptodrome  and  sending  fine  branches  from 
the  outside  to  the  teeth;  nervilles  mainly  percurrent  and  at  right 
angles  to  the  secondaries. 

This  form  is  represented  by  three  leaflets,  none  of  which  is  quite 
perfect.  The  largest,  which  is  not  figured,  was  probably  about  14  cm. 
long  and  is  5  cm.  wide  at  a  point  evidently  some  distance  above  the 
middle.  The  one  next  in  size,  shown  in  fig.  4,  was  13.5  cm.  long  and 
is  3.5  cm.  wide.  The  smallest  one,  shown  in  fig.  5,  is  about  10  cm. 
long  and  a  little  more  than  2.5  cm.  in  width.  Neither  base  nor  apex 
is  preserved  in  any  case. 

This  species  appears  to  find  its  greatest  affinity  with  Juglans  Crossii 
Knowlton,*  from  Green  River,  Wyoming,  and  other  localities.  The 
leaflets,  however,  are  smaller,  relatively  narrower,  less  unequal-sided, 
and  are  toothed  on  both  sides. 

Locality. — Bridge  Creek,  Oregon.  Collected  by  Merriam's  expe- 
dition in  1900.     Types  in  Mus.  Univ.  Cal.,  Nos.  2502,  2503. 

JUGLANS,  nut  of. 

This  is  clearly  a  nut  of  Juglans,  but  the  specimen  is  not  well  enough 
preserved  to  permit  of  specific  determination.  Lesquereux,  through 
whose  hands  this  specimen  once  passed,  was  inclined  to  identify  it 
doubtfully  with  J.  troglodytarum  Heer,*  but  it  seems  best  not  to  ven- 
ture giving  it  a  name  at  present. 

Locality. — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  8492). 

a  Gat.  Cret.  and  Tert.  PI.  N.  A.,  p.  122. 1888. 

fcFl.  Tert.  Helv..  Vol.  Ill,  p.  92,  PI.  CXXVII,  rtg.  45.  i^^. 


Digiti 


zed  by  Google 


86        VOSSIL    FLORA    OF   THE   JOHN    DAY    BASIN,   OREGON.      lBULL.20i 

Jug  LANS  CRA8S1FOLIA  11.  Hp. 

PL  IV,  fig.  3. 

Juglang  n.  sp.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept  Geol.»  Vol.  II,  No.  9, 
p.  303,  1901. 

Leaflets  thick  in  texture,  lanceolate-acuminate  in  shape,  rather 
abruptly  narrowed  at  base;  margin  perfectly  entire;  midrib  thick, 
rather  strong;  secondaries  9  to  12  pairs,  strong,  mainly  alternate,  at 
an  angle  of  about  45^,  much  curving  upward,  camptodrome,  passing 
near  the  margin  and  often  joining  the  one  next  above;  finer  nervation 
nearly  or  quite  obsolete. 

This  species  is  represented  by  a  large  number  of  leaflets,  all  more 
or  less  broken,  preserved  in  a  tangled  mass  on  two  or  three  pieces  of 
matrix.  The  length  is  from  9  to  11  cm.  and  the  width  about  2.5  cm., 
with  occasionally  one  somewhat  smaller. 

The  affinity  of  this  species  is  undoubtedly  with  certain  of  the  forms 
of  t/.  Sehimperl  Lesq.,^  of  the  Green  River  group,  being  of  the  same 
size  and  shape  as  the  figures  quoted  above,  but  different  in  having  a 
less  number  of  secondaries  and  a  distinct  finer  nervation.  These 
species  are  closely  related  and  a  larger  series  might  show  them  to  be 
identical. 

Lfxnlity. — Three  and  one-half  miles  south  of  Lone  Rock,  Gilliam 
County,  Oregon.  Collected  by  Merriam's  exix».dition  of  1900  (Mus. 
Univ.  Cal.,  Nos.  1326-1331). 

JUGLANS   OREGONTANA    Lcscj. 

JuGLANH  OREGONIANA  Ijesq.,  F0S8.  PI.  AuHf.  Gravel,  p.  35,  PI.  IX,  fig.  10,  1878. 
Rhm  Bendirei  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  15,  1888.     (The  small  leaflet 

described. ) 
Juglans  hesperia  Knowlton,  Eighteenth  Ann.  Rept.  U.  S.  (ieol.  Survey,  Pt.  Ill,  p.  723, 

PI.  XCIX,  fig.  8,  1898. 

This  species  was  described  by  Lesquereux  in  his  Flora  of  the  Aurif- 
erous Gravels.  As  to  the  locality  whence  the  type  specimen  came  he 
says:  ^'On  soft  laminated  clay  with  Aralia  Whitney l^  evidently  of  the 
same  age  as  the  Chalk  Bluffs  of  California,  without  definite  locality 
but  Oregon."  From  these  remarks  it  has  been  assumed  that  the  speci- 
men actually  was  from  the  Auriferous  gravels,  and  that  the  label  on  it 
was  wrong.  Fortunately  this  type  is  preserved  in  the  paleontological 
collection  of  the  University  of  California  (No.  1798),  where  I  recently 
had  opportunity  of  seeing  it.  It  was  at  once  seen  that  it  was  on  the 
characteristic  matrix  of  the  Van  Horn's  ranch  locality,  and  indeed  the 
obscure  labeling  on  the  back  of  the  specimen  so  indicates. 

In  both  the  older  and  more  recent  collections  from  Van  Horn's 
ranch  and  vicinity  I  find  a  numlx^r  of  specimens,  which  I  refer  with 

aTert.  Fl.,  p.  287.  PI.  LVI,  fig.  6,  1878. 
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little  hesitation  to  Juglan^  oregoniana.  Most  of  them  are  smaller  than 
the  type,  being  often  only  7  cm.  long  and  2.5  cm.  wide,  although  occa- 
sionally there  is  one  that  approaches  it  in  size.  In  shape,  marginal 
teeth,  and  nervation  they  are  pi-actically  identical. 

In  1888  Lesquereux**  established  his  Rhu8  Bendlrel  on  two  speci- 
mens, one  of  which  is  figured  and  is  to  be  taken  as  the  type  of  the 
species.  Regarding  the  other  he  says:  ''To  these  I  refer  a  small 
oblong-lanceolate  leaflet,  rounded  in  narrowing  rapidly  to  the  point  of 
attachment,  very  short  petioled,  with  small  teeth  and  areolation  iden- 
tical." This  specimen  (U.  S.  Nat.  Mus.,  No,  2582)  is  identical  with 
certain  of  the  smaller  leaflets  of  J^iglans  oregonia/na^  and  is  referred 
to  it. 

In  my  paper  on  the  plants  of  the  Payette  formation  of  Idaho  I 
ventured  to  describe,*  under  the  name  of  Juglans  hespei'^ia^  a  fine,  large 
leaflet.  Attention  was  called  at  the  time  to  the  fact  that  it  was  very 
close  to,  if  not  identical  with,  Juglmis  oregoniana.  Since  that  time  I 
have  again  gone  over  the  Payette  material  and  have  decided  that  the 
differences  are  not  sufficient  to  warrant  keeping  them  separate. 

Locality. — Van  Horn's  ranch,  about  12  miles  west  of  Mount 
Vernon,  Grant  County,  Oregon.  Type  in  Mus.  Univ.  Cal.  collected 
by  C.  D.  Voy.  Obtained  by  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus., 
No.  2582),  Merriam's  expedition  of  1900  (Mus.  Univ.  Cal.,  No.  891), 
and  by  Knowlton  and  Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  Nos.  9049, 
9050,  9054).  One  mile  northeast  of  Belshaw's  ranch.  Collected  by 
Knowlton  and  Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  Nos.  9043-9048). 
Two  miles  southeast  of  Marsh  post-office,  Boise  County,  Idaho  (U.  S. 
Nat  Mus.,  No.  8290). 

UlCJOKIA?    OREGONIANA   n.  Sp. 

PI.  V,  figs.  3,  4. 

HicoRiA  n.  sp.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  Geol.,  Vol.  II,  No.  9, 
p.  289,  1901. 

Leaflets  subcoriaceous  in  texture,  ovate-lanceolate,  obtusely  wedge- 
shaped  and  slightly  unequal-sided  at  base,  acuminate  at  apex;  margin 
finely  .serrate,  the  teeth  short,  sharp;  midrib  thin,  straight;  secondaries 
numerous,  about  fifteen  pairs,  alternate  and  at  somewhat  irregular  dis- 
tances, thin,  arising  at  various  angles  (45^zh)  and  considembly  arching 
upward,  craspedodrome,  ending  in  the  marginal  teeth;  nervilles  num- 
erous, thin,  percurrent,  about  at  right  angles  to  the  secondaries;  finer 
nervation  perfect,  forming  a  fine,  irregular  network. 

This  is  represented  at  present  by  two  examples.  One  is  13  cm.  long 
and  0  cm.  wide,  and  the  other  is  12  cm.  long  and  5  cm.  wide. 

« I»roc.  V.  S.  Nat.  Miw..  Vol.  XI,  p.  15.  PI.  IX.  fig.  2. 

«» Eighteenth  Ann.  Kept.  U.  8.  Ge<»l.  Survey,  Pt.  Ill,  p.  723,  PI.  X(^IX,  fig.  8, 18%. 
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lAtcality, — Cherry  Creek,  Crook  County,  Oregon,  collected  by  Mer- 
riam's  expedition  in  IIHX)  (type  in  Mus.  Univ.  Cal.,  No.  172.  Addi- 
tional specimen.  No.  190). 

Hi(x>RiA  sp? 
PI.  V,  fig.  2. 

The  single  fragment  figured  is  all  that  was  found  of  this  torm. 
Lesquereux  would  call  it  Hicaria  {Caryd)  el^en<ytdes  (Ung.)  Knowlton, 
but  it  seems  too  small  a  fragment  on  which  to  base  a  specific  deter- 
mination. 

Locality. — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,*  No.  2978). 

HicoRiA  EL^NOiDES  (Ungcr)  Knowlton. 

HicoRiA  ELiENOiDEs  (Ungcr)  Knowlton,  Cat.  Cret.  and  Tert.  PI.  N.  A.,  p.  117,  i898 
Carya  eltenoides  (Unger)  Heer.     Lesquereux,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  18, 

1888. 

A  single  example  that  may  be  this  species.  It  is  oblong  in  shape, 
2.25  cm.  in  long,  and  1.5  cm.  in  short,  diameter. 

Locality. — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Ver- 
non, Grant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire 
(U.  S.  Nat.  Mus.,  No.  2446). 

Family  BETULACE^. 

Carpinus  betuloides  Unger. 

Carpinus  betuloides  Unger. 

Locality. — Bridge  Creek,  Oregon.  Collected  by  Maj.  Charles  E. 
Bendire  (U.  S.  Nat.  Mus.,  No.  8487). 

Carpinus  grandis?  Unger. 

Carpinus  grandis  Unger.     Lesquereux,  Proc.  U.  S.  Nat  Mus.,  Vol.  XI,  p.  18,  1888. 
Carpinm  pyramidalis  (Gopp. )  Heer.  Lesquereux,  idem,  p.  18,  1888. 

The  collection  contains  two  specimens  that  ai*e  referred  as  above  by 
Lesquereux,  but  they  are  rather  obscure,  one  being  without  margin, 
and  I  have  hesitated  to  recognize  these  species.  They  agree  fairly 
well  with  C.  grandis  and  may  stand  under  this  species  until  further 
material  can  be  obtained. 

Locality. — Mascall  beds,  Van  Horn's  ranch,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  Nos.  2439,  2440). 

CoRYLUS  MacQuarrii  (Forbcs)  Heer. 

CoRYLUs  MacQuarrii  (Forbes)  Heer,  Urwelt  d.  Schweitz,  p.  321,  1865;  Fl.  Foes. 
Alask.,  PI.  IV,  tigs.  1-8,  1869;  Newl)erry,  Uter  Extinct  Floras,  PI.  XLVIII, 
fig.  4,  1898. 

Among  the  large  amount  of  material  from  Bridge  Creek,  I  have  seen 
but  two  imperfect  examples  that  should  be  referred  to  this  s[)eeie«. 
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One  of  these  was  figured  by  Newberry  in  his  Later  Extinct  Floi-as 
(PI.  XLVlll,  fig.  4)  and  the  original  is  preserved  in  the  United  States 
National  Museum  (No.  7076),  but  no  mention  is  made  of  the  fact  in 
the  body  of  that  work,  although  this  information  is  given  on  the  back 
of  the  specimen  itself. 

The  other  example  was  detected  among  the  recent  collections  made 
by  the  University  of  California  and  is  in  its  museum.  Both  of  these 
specimens  agree  perfectly  with  the  figures  of  this  species  given  by 
Heer  in  his  Flora  Fossilis  Alaskana  (PI.  IV).  There  can  be  no  ques- 
tion of  their  identity. 

Locality, — Bridge  Creek,  Oregon.  Collected  by  Rev.  Thomas  Con- 
don (U.  S.  NaL  Mus.,  No.  7076)  and  by  V.  C.  Osmont  (Mus.  Univ.  Cal., 
No.  2604). 

Betuia  heteromorpha  n.  sp. 
PI.  HI,  figs.  6,  7;  PI.  V,  fig.  1. 

PoptduM  polymorpha  Newb.,  in  part,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  506,  1883; 
Later  Extinct  Floras,  p.  50,  PI.  XLVI,  fig,  3;  PI.  XLVIl,  figs.  4,  8;  PI.  XLIX, 
fig.  4,  1898  (not  other  figures). 

Lieaves  of  firm  or  subcoriaceous  texture,  ovate,  elliptical,  or  very 
slightly  elliptical-obovate  in  general  outline,  from  very  obtusely  wedge- 
shaped  to  truncate  or  obscurely  heart-shaped,  and  often  unequal - 
sided  base,  obtusely  acuminate  at  apex;  petiole  usually  strong, 
one-half  or  less  the  length  of  the  blade;  margin  usually  coai*sely  and 
unequally  dentate  or  sometimes  doubly  dentate,  the  teeth  mainly 
obtuse,  occasionally  acute;  midrib  rather  thick,  especially  in  the  lower 
part  of  the  blade;  secondaries  7  to  9  pairs,  usually  strong,  the  two  or 
three  lower  pairs  close  together  and  at  a  lower  angle  than  the  others; 
upper  ones  at  an  angle  of  about  45^,  often  spreading  and  slightly 
curved  downward,  all  craspedodrome  and  ending  in  the  large  teeth, 
and  often  with  several  branches  on  the  lower  side  which  pass  to 
smaller  teeth;  nervilles  numerous  and  strong,  both  percurrent  and 
broken,  approximately  at  right  angles  to  the  secondaries;  finer  nerva- 
tion producing  an  irregular  areolation. 

This  form  is  the  most  abundant  one  in  the  collections  and  is  repre- 
sented by  hundredtiiof  examples.  They  are  in  general  small  leaves, 
ranging  in  length  from  4.5  to  7  cm.,  and  average  length  being  al)out 
5  cm.  In  width  they  range  from  2.5  to  5  cm.,  the  average  being  per- 
haps a  little  more  than  3  cm.  Only  occasionally  is  one  noted  that  is  a 
little  smaller  than  the  above  dimensions  (cf .  Newberry,  Later  Extinct 
Floras,  PL  XLIX,  fig.  4).  The  variation  in  shape,  margin,  etc.,  is 
well  shown  in  the  figures  quoted  and  in  the  examples  here  figured. 

It  is  with  much  hesitation  that  I  venture  to  found  this  species;  not, 
indeed,  from  lack  of  sufficient  material,  but  rather  from  embari-ass- 
nient  of  riches.  Lesquereux,  through  whose  hands  much  of  this 
material  has  passed,  would  separate  them  not  only  into  many  species 
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but  into  weveral  genera  (Quercus,  Alnus,  Betula,  Carpinus,  etc.),  while 
Newberry,  judging  from  what  he  actually  did,  would  combine  them 
all  under  his  Populm polymoypha,  1  can  not  believe  that  they  belong 
to  PopuluH.  The  only  living  species  with  which  it  is  reasonable  to 
compare  them  is  Pojmlm  alha^  which  has,  it  is  true,  very  variable 
leaves,  but  they  seem  of  a  different  type  and  generically  unlike  the 
ones  under  consideration.  I  have,  therefore,  broken  up  Newberry's 
PojmluH  polyjnorpha^  placing  certain  of  them  under  this  form.  If 
Newberry's  elastic  species  was  maintained  it  would  be  polymorphous 
enough  to  include  them  all,  but  I  do  not  think  it  will  adequately  rep- 
resent the  facts  to  do  so. 

In  regard  to  Lesquereux's  point  of  view,  it  may  be  said  that  if 
extreme  examples  were  selected  it  might  seem  logical  to  call  them 
sj>ecies,  but  when  the  whole  are  grouped  together  it  is  found  absolutely 
impossible  to  draw  any  satisfactory  line  between  them.  Take,  for 
example,  the  question  of  shape.  The  narrowest  possible  form  may 
be  unlike  the  broadest  form,  yet  every  step  between  them  can  be  found. 
So,  also,  from  the  specimens  with  a  wedge-shaped  base  to  those  with  a 
a  truncate  base,  and  still  farther  to  those  with  a  markedl}^  inapquil- 
ateral  base,  there  are  gradual  steps.  In  the  matter  of  nervation,  how- 
ever, there  are  only  comparatively  slight  differences,  yet  even  here  the 
variations  are  all  connected. 

The  form  most  nearly  related  to  this  is  B.  heterodonta  Newb.,  from 
which  it  is  sometimes  almost  impossible  to  separate  it.  In  general, 
the  latter  species  has  much  larger  leaves,  with  coarser  toothed  margins 
and  a  more  markedly  inaequilateral  base.  Yet  these  differences  come 
so  near  breaking  down  that  it  is  sometimes  difficult  to  say  where  a 
particular  specimen  shall  go. 

Locality, — Bridge  Creek,  Oregon.  Found  abundantly  in  all  collec- 
tions (IT.  S.  Nat.  Mus.,  Nos.  8481,  8482). 

Betula  heterodonta  Newb. 

Betula  heterodonta  Newb.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  508,  1883;  Later 
Extinct  Floras,  p.  64,  PI.  XLVI,  figs.  1-4;  PI.  XLV,  figs.  1,  6,  1898. 

As  stated  under  the  preceding  species,  it  is  almost  impossible  to  dis- 
tinguish certain  of  the  forms  of  this  species  from  that. 

Locality,  —  Bridge  Creek,  Oregon.  Collected  by  Rev.  Thomas  Con- 
don (U.  S.  Nat.  Mus.,  No.  7071)  and  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  8483). 

Betula  Bendirei  n.  sp. 

PI.  IV,  fig.  2. 

Leaf  membranaceous  in  texture,  nearly  circular  in  outline,  abruptly 
rounded  below  to  a  nearly  truncate  base,  rounded  similarly  above  to 
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a  very  short  obtusely  acuminate  apex;  margin  mther  coarsely  toothed, 
most  of  the  teeth,  but  especially  those  on  the  lower  half  of  the  blade, 
with  several  smaller  teeth;  midrib  mther  thick,  straight;  secondaries 
about  9  pairs,  opposite  below,  becoming  subopposite  above,  the  two 
lower  pairs  emerging  at  an  angle  of  about  20^,  others  about  45°,  all 
craspedodrome  and  ending  in  the  large  teeth,  often  with  one  or  two 
branches  on  the  lower  side,  which  pass  to  smaller  teeth;  nervilles  thin, 
mainly  percurrent  and  oblique  to  the  secondaries;  finer  nervation  pro- 
ducing a  minute  network. 

I  have  ventured  to  describe  this  species  on  the  single  example 
figured.  It  is  a  little  more  than  4.5  cm.  in  length  and  is  4  cm.  in  width. 
As  may  be  seen,  it  is  a  very  perfect  and  symmetrical  leaf,  nearly  cir- 
cular in  outline,  with  rather  coarsely,  doubly  dentate  margins. 

Among  living  forms  this  is  perhaps  closest  to  Betula  occidentalh 
Hooker,  which  is  now  found  in  the  same  geneml  region.  It  has  the 
same  shape  and  nervation,  but  differs  slightly  in  the  marginal  denta- 
tion. It  is  also  quite  similar,  except  as  regards  the  margin,  to  certain 
forms  of  B.  papyri  fern  Marshall. 

Among  fossil  forms  it  has  a  number  of  evident  affinities.  From 
B.  heterouiorpha  it  differs  in  being  nearly  circular  in  shape,  with  an 
equal  base  and  regularly  spaced  secondaries. 

Locality. — Bridge  Creek,  Oregon.  Collected  b}^  Maj.  Charles  E. 
Bendire  (U.  S.  Nat.  Mus.,  No.  8485). 

Betula  angustifolia  Newb. 

Bbttla  angustifolia  Newb.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  508;  I^ter  Extinct 
Florae,  p.  63,  PI.  XLVI,  fig.  5;  PI.  XLVII,  fig.  5,  1898. 

A  large  number  of  leaves  of  this  species  are  present  in  every  col- 
lection from  this  locality. 

Locality. — Bridge  Creek,  Oregon.  Collected  by  Rev.  Thomas  Con- 
don (Types,  U.  S.  Nat.  Mus.,  Nos.  7074,  7075). 

Betula?  dayana,  n.  sp. 

PI.  IV,  fig.  4. 

Leaf  small,  membranaceous,  ovate-cordate,  obtuse  at  apex;  margin 
very  coarsely  toothed;  midrib  thin;  secondaries  thin  and  obscure, 
about  four  pairs,  alternate,  ending  in  the  larger  teeth;  finer  nervation 
producing  a  very  fine  network. 

A  single  leaf  only.     The  length  is  2  cm.  and  the  width  1.5  cm. 

Locality. — Mascall  beds.  Van  Horn's  ranch,  Oregon,  about  12  miles 
west  of  Mount  Vernon,  Grant  County,  Oregon,  Collected  by  Knowl- 
ton  and  Merriam,  July,  1901  (U.  S.  Nat.  Mas.,  No.  8535). 
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Aln'us  ('arpinoides  Les<i. 

Alni's  carpinoidbh  Ix*«}.,  Cret.  and  Tert.  Fl.,  p.  243,  PI.  L,  fijr.  11;  PI.  LI,  figs.  4,  4', 
5,  1883. 

All  collections  from  Bridge  Creek  contain  a  large  number  of  leaves 
of  this  species,  which  has  been  well  described  and  figured  by  Lesquereux. 

Locality, — Bridge  Creek  (types  in  Mus.  Univ.  Cal.,  No.  1759,  figs. 
4,  4*;  1764,  fig.  5).  One  and  one-half  miles  east  of  Clarnos  Ferr>'. 
Collected  by  Merriam's  expedition  of  1900  (Mus.  Univ.  Cal.,  Nos.  931.) 
One-half  mile  northeast  of  Fossil.  Collected  by  Merriam's  expedition 
of  1900  (Mus.  I'niv.  Cal.,  Nos.  923,  928). 

AlNUS  8ERRUI.ATA   FOSSILIS   Ncwb. 
Alnuh  sKHRi'LATA  FOSSILIS  Newb.,  Later  Extinct  Florae,  p.  66,  PL  XLVI,  fig.  6, 18d8. 

The  example  figured  by  Newberry  as  the  type  i^  the  only  one  that 
has  thus  far  been  found,  with  the  exception  of  a  single  somewhat  doubt- 
ful example  obtained  by  the  University  of  California. 

IjK'ality, — Bridge  Creek,  Gmnt  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  No.  7091). 

Alnus  macrodonta,  n.  sp. 
PL  IV,  fiv:.  1. 

Leaf  of  firm  texture,  ovate-cordate  in  shape,  abruptly  rounded  be- 
low to  a  heart-shaped  base  and  narrowed  above  to  an  apparently 
obtusely  acuminate  apex;  margin  coarsely  and  irregularly  dentate, 
the  teeth  all  obtuse;  midrib  thick,  especially  in  the  lower  half  of  the 
blade;  secondaries  about  9  pairs,  the  two  lower  pairs  sub-opposite  and 
at  a  right  angle,  other  secondaries  at  varying  angles  and  distances, 
all  more  or  less  curving  upward,  craspedodrome  and  often  with  several 
branches  in  the  lower  side,  which  pass  to  marginal  teeth;  nervilles 
numerous  and  prominent,  usually  percurrent  and  rather  oblique  to  the 
secondaries;  finer  nervation  producing  a  copious,  irregularly  (juadran- 
gular  network. 

This  species  is  based  on  the  single  example  figured.  It  lacks,  as 
may  be  seen,  a  considerable  portion  of  one  side  and  all  of  the  apex. 
It  is  broadly  ovate,  with  abruptly  truncate,  heart-shaped  base  and 
coarsely  dentate  margin.  The  length  was  about  7  cm.  and  the  width 
about  5.6  cm. 

Zr>t*tf///y.  —  Bridge  Creek,  Oregon.  Collected  1>\'  Ma j.  Charles  E. 
Bendire  (U.  S.  Nat.  Mus.,  No.  8551). 

Alnus  sp?,  fruit  of,  Newb. 

Alni-s  sp?,  fruit  of,  Newb.,  Later  Extinct  Floras,  p.  67,  PL  XLVI,  %  7, 1898. 
Locality, — Bridge   Creek,   Grant  County,  Oregon.     Collected  ])y 
Rev.  Thonuis  Condon  (U.  W  Nat.  Mus.,  No.  7093). 
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Alnus  Kefer8teinii?  ((lOpp.)  I'liger. 

AiATH  Kbfkk»teinii  ((lOpp.)  I'nj^r.  I^esquereux,  Prtn*.  U.  S.  Nat.  Mus.,  Vol.  XI, 
p.  18,  1888. 

A  single  example  having  no  portion  of  the  margin  preserved.  It  i.s 
referred  with  hesitation  to  this  species. 

Duality. — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collectexi  by  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  2419). 

Family  FAGACE.E. 

Fagus?  sp. 

Fagi's  <'a«tane^folia  linger.  I.«eequereux,  Proc.  U.  S.  Nat.Mus.,  Vol.  XI,  p.  18, 1888. 

This  determination  was  based  on  a  single  fragment  of  the  lower  por- 
tion of  a  leaf.  It  is  doubtful  even  whether  it  belongs  to  Fagus,  and 
can  have  no  value  in  fixing  the  age  of  or  affording  a  stratigraphic 
mark  for  these  beds. 

Locality. — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  2466). 

QUERCUS   FURCINERVIS  AMERICANA  Knowlton. 

QuKRCus  FL'BCiNBHvis  AMERICANA  Knowltoii,  Cat.  Oet  and  Tert.  PI.  N.  A.,  p.  192, 

1898. 
QiKTCiM  furcmerris  (RosBm.)   Ung.   Leequereux,  Proc.   IT.  8.  Nat.   Mus.,  Vol.    XI, 

p.  22,  1888. 

This  is  not  the  European  form,  and  is  best  indicated  by  the  varietal 
name  given  above.  This  determination  is  based  solely  on  a  part 
of  the  middle  portion  of  a  single  leaf,  which  is  very  similar  indeed 
to  CcLstarhea  pulchdla  Knowlton*  from  Lower  Miocene  beds  in  the 
Yellowstone  National  Park. 

Locality. — Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Itendire  (U.  S.  Nat.  Mus.,  No.  2554). 

QuERCUs?  sp. 

PL  VIII,  fig.  4. 

Leaf  very  thick,  narrowly  obovate,  obtusely  wedge-shaped  at  base 
(apex  destroyed);  margin  entire  below,  probably  toothed  above; 
midrib  very  thick,  especially  below,  secondaries  also  strong,  6  or  7 
pairs,  alternate  at  an  angle  of  about  45^,  a  pair  near  the  middle  of  the 
blade  largest,  with  strong  outside  branches,  probably  ending  in  lobes 
or  teeth;  nervilles  very  strong  and  deeply  impressed,  both  broken  and 
percurrent;  finer  venation  producing  large  areas. 

n  Mon  V.  S  tJeol  .Survey.  Vol.  XXXII.  Ft.  II,  p.  702.  PI.  LXXXVII.  Hg.  1. 
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A  sinfafle  broken  specimen  is  all  that  I  now  refer  to  this  form.  It 
wa«  clearly  a  large  thick  leaf,  with  prominent  deeply  impressed  ner- 
vation. It  is  entire  in  the  lower  portion,  but  from  the  size  and 
disposition  of  the  secondaries  in  the  middle  of  the  blade  it  was  appar- 
ently lobed  or  toothed  above.  Its  length  was  about  12  cm.  and  the 
width  about  6.5  cm.     It  is  doubtfully  referred  to  Quercus. 

Ijocality. — Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Knowlton  and  Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  No.  8555).     ^ 

Quercus  paucidentata  Newb. 

QiTERcrs  PAUCIDENTATA  Ncwb.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  505,  1883;  I^ter 
Extinct  Floras,  p.  76,  PI.  XLIII,  fig.  1,  1898. 

It  is  with  some  misgiving  that  this  species  is  permitted  to  stand.  It 
is  based,  as  Newberry  says,  on  a  single  example,  the  only  one  ever 
found.  It  is  in  all  probability  a  large  leaf  of  Q.  ajinf\  but  rather 
than  complicate  matters  by  combining  fomis  without  suflScient  material 
I  have  preferred  to  keep  it  distinct. 

Locality, — Bridge  Creek,  Grant  County,  Oregon.  Collected  by  Rev. 
Thomas  Condon  (U.  S.  Nat.  Mus.,  No.  7059). 

Quercus  drtmeja  linger. 

Quercus  drymeja  Unger.  Lesquereux,  Cret.  aiid  Tert.  FL,  p.  245.  PI.  LIV,  fig.  4, 
1883. 

Lesquereux  has  figured  a  single  leaf  of  this  form,  and  the  Bendire 
collection  contains  another  example.  Neither  of  these  is  perfectly 
preserved,  but  they  seem  to  differ  from  other  allied  forms.  It  may 
be,  however,  that  they  are  very  large  leaves  of  Q.  corisiinUu  Newb. 

Locality, — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  Nos.  9231,  9328). 

Quercus  simplex  Newb. 

Quercus  bimplbx  Newb.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V.,  p.  505,  1883;  Later  Kxtinct 
Floras,  p.  78,  PI.  XLIII,  fig.  6,  1898. 

As  stated  by  Newberry  the  collections  from  Bridge  Creek  always 
contain  a  large  number  of  leaves  of  this  species.  They  are  of  the  same 
size  and  shape  as  leaves  of  Q,  coiwlmiUs^  and  only  differ  in  being 
entire  margined,  and  Newberry  questioned  as  to  whether  they  might 
not  l>e  only  a  varietal  form  of  that  species.  As  none  of  the  specimens 
that  have  passed  under  my  observation  show  any  such  gradation,  it 
may  be  taken  as  established  that  they  are  distinct. 

Locality,— JiriAg^  Creek,  Gmnt  County,  Oregon,  collected  by  Rev. 
Thomas  Condon  (U.  S.  Nat.  Mus.,  No.  7058a)  and  Maj.  Charles  E. 
Bendire  (U.  S.  Nat.  Mus.,  Nos.  9219,  9227,  9238,  9249,  9252,  9264, 
9288,  9289,  9295,  9300,  9302,  9312,  9316,  9332,  9336,  9369,  9380,  9383). 
Officer's  ranch,  lower  end  of  Butler  Basin.  Collected  by  Dr.  John 
C.  Merriam,  July  22,  1901  (U.  S.  Nat.  Mus.,  No.  9210). 
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QuERCLS  AFF1NI8  (Newb.)  n.  comb. 

Praxmus  affiws  Newb.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  510,  1883;  I^ter  Extinc-t 

Floras,  p.  127,  Vol.  XLIX,  fig.  5,  1898  (1899). 
Quercwjurcinerris  RoeBm.  Leequereux,  Cret.  and  Tert.  Fl.,  p.  244,  PI.  LIII,  figs.  10- 

12,  1883. 
QuercM  Bretveri  Lesq.,  idem,  p.  246,  PI.  LIV,  tig.  9  (not  other  figures  described  as 

Q.  Breweri)  1883. 

This  species  came  first  into  the  hands  of  Dr.  Newberry  and  was  called 
by  him  Fraxlmis  ajfini^.  He  appears  to  have  noticed  only  a  single 
example,  namely,  the  one  made  the  type,  yet  there  is  a  larger  leaf  on 
the  same  piece  of  matrix.  A  little  later  a  nmnber  of  similar  leaves 
from  the  same  locality  were  studied  by  Lesquereux  and  by  him  identi- 
fied with  Quercim  fuTcinenyis  of  Rossmassler,  and  his  own  Q,  Breioeri 
(See  synonymy  above). 

As  Newberry  well  states,  there  is  a  strong  resemblance  between  his 
leaf  and  the  living  Fraxlnun  americana^  yet  in  placing  it  by  the  side 
of  the  figure^s  given  by  Lesquereux  there  can  be  no  doubt  that  only 
one  species  is  represented,  and  moreover  that  this  is  much  more  like 
Quercus  than  Fraxinus.  This  view  is  further  strengthened  by  the 
finding  of  additional  leaves  in  later  collections.  It  is  therefore  clear 
to  my  mind  that  they  are  oak  leaves,  and  I  have  placed  them  under 
Quercus. 

It  now  remains  to  explain  the  selection  of  the  specific  name  for  these 
leaves.  Newberry's  Fnixinm  ifffini^  yfB,H  published  March  21,  1883, 
whereas  Lesquereux's  volume,  as  pointed  out  on  page  12,  could  not 
have  been  issued  until  late  in  1883  or  more  probably  not  until  some- 
time in  1884.  Newberry,  therefore,  clearly  has  priority.  Now,  if 
either  of  Lesquereux's  references  of  these  leaves  to  species  of  Quercus 
was  valid,  it  would  simply  be  necessary  to  transfer  Frcudjius  affinU 
to  the  one  selected,  but  in  my  opinion  they  are  not.  I  do  not  think 
that  the  leaves  referred  to  Quer(ms  furcinervis^  are  the  same  as  Ross- 
massler's  species,  and,  obviously,  the  leaf  called  Quercm  Breweri^  is 
not  the  same  as  the  others  with  which  it  is  associated,  and  is  identi- 
cal with  the  one  on  the  preceding  plate.  On  these  grounds  I  have 
retained  Newberry's  specific  name  because  it  is  the  oldest,  and  I  have 
placed  them  under  Quercus  because  I  consider  them  to  be  oak  leaves. 

l/H-ality, — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.  No.  7125).  Type  of  fig.  i), 
op.  cit,  is  in  Mus.  Univ.  Cal.,  No.  1774. 

Quercus  consimilis  Newb. 

QrKW'cs  CON8IMILI8  Ncwb.,  Proc.  U.  8.  Nat.  Mus.,  Vol.  V,  p.  5^5,  188;^;  Later  Extinct 
Florafi,  p.  71,  PI.  XLIII,  figs.  2-5,  7-10,  1898. 

This  species  is  very  abundant  in  the  collections  from  Bridge  Crook, 
and  is  well  characterized  and  figured  by  Newl>erry.     It  is  closely  allied 


1  Lesquereux,  Cret  and  lert.  Fl..  PI.  LIII,  hgs.  10-12. 
Mdem,  PL  LIV.  flg.  9. 
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to  Q.  lirefrerlljesq.,  but  can  be  readily  distinguiHhed  by  being  Hhorter 
and  relatively  much  broader. 

A  single  broken  leaf  was  found  by  Merriam  at  Officer's  ranch,  in 
the  lower  end  of  Butler  Basin. 

Locality, — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  Nos.  7048,  7050,  7057,  7063, 
7070)  and  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  Nos.  9230,  9235, 
9239,  9247,  9251,  9259,  9261,  9271,  9276,  9280,  9282,  9287,  9305,  9311, 
9321,  9329,  9333,  9337,  9342,  9344,  9347,  9351,  9362).  Officer's  ranch, 
lower  end  of  Butler  Basin.  Collected  by  Merriam,  July  22,  1901 
(U.  S.  Nat.  Mus.,  No.  9209). 

QuERCus  Brewebi  Lesq. 

QuEBCUS  Brewkri  J^esq.,  Cret.  and  Tert  Fl.,  p.  246,  PI.  LIV,  figs.  5-8  (non  fig.  9), 
1883. 

Some  years  ago,  when  preparing  the  manuscript  for  my  Catalogue 
of  the  Cretaceous  and  Tertiary  Plants  of  North  America,  I  was  led 
from  a  casual  examination  of  the  figures  to  refer  this  species  to  Q.  can- 
similiH  Newb.  and  Q,  paucidentata  Newb.  Since  that  time  I  have 
found  the  long  narrow  leaves  of  Q.  Brewerl  in  the  vicinity  of  Ashland, 
Oregon,  and  I  have  also  gone  carefully  over  the  abundant  material 
from  Bridge  Creek,  which  contains  a  number  of  finely  preserved  leaves, 
and  I  am  now  inclined  to  regard  them  as  distinct  from  Q,  cons!  mil  is. 
They  are  undoubtedly  close  to  this  species,  yet  differ  in  being  much 
longer  and  narrower.  They  can  be  readily  distinguished.  I  have  seen 
and  examined  the  types  of  this  species  in  the  University  of  California, 
and  I  am  the  more  convinced  that  it  is  distinct. 

Locality, — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  No.  9345),  by  Maj.  Charles  E. 
Bendire  (U.  S.Nat.  Mus.,  Nos.  9218,  9224,  9277,  9294,  9322,  9331, 
9345,  9352),  and  by  F.  H.  Knowlton.  Types  in  Mus.  Univ.  Cal.,  Nos. 
1761,  1762,  1763. 

QuERCUS  PSEUDo-ALNUS  Ettiugshauscn. 

QuERc^us  PSBUDOALNU8  Ettingshausen.     I^esquereux,  Cret.  and  Tert  Fl.,  p.  244,  PL 

LIII,  figs.  1-7,  1883. 
PoptUus  jx>lifmorpha  Newb.,  in  part.     Later  Extinct  Floras,  p.  50,  PI.  XLIX,  fig.  7, 

1898. 

Under  the  above  name  Le^quereux  has  figured  a  number  of  leaves 
from  Bridge  Creek.  The}'^  differ  considerably  among  themselves,  yet 
may  well  belong  to  a  single  polymorphous  species.  Nearly  all  the 
forms  are  abundant  in  any  collection  from  this  locality. 

The  leaf  figured  by  Newberrj^  as  Popuhisp(tlymor2)h<i  (yoc.  cit.,  fig.  4) 
is  certainly  the  same  as  fig.  6  of  PI.  LIII  in  the  Cretaceous  and  Ter- 
tiary Flora,  and  I  have  placed  it  under  this  species  as  determined  by 
Lesquereux.     It  is  one  of  the  most  abundant  forms  in  all  collections. 
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Locality. — Bridge  Creek,  Oregon.  Collected  by  Rev.  Thomas  Con- 
don (U.  S.  Nat.  Mus.,  No.  7051)  and  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  Nos.  9229,  9250,  9253,  9266,  9274,  9292,  9307,  9309,  9317, 
9319,  9326,  9334,  9343,  9355,  9358,  9365,  9368,  9372,  9374).  Types  of 
original  American  figured  specimens  in  Mus.  Univ.  Cal.,  tig.  1,  No. 
1767;  fig.  2,  No.  176e;  fig.  3,  No.  1769;  fig.  4,  No.  1770;  fig.  5,  No. 
1771;  fig.  6,  No.  1772;  fig.  7,  No.  1773.  Officer's  ranch,  lower  end 
of  Butler  Basin.  Collected  by  Dr.  John  C.  Merriam,  July  22,  1901 
(U.  S.  Nat  Mus.,  No.  9204). 

QUEBCUS  OREOONIANA,  n.  Sp. 
PI.  VI,  figs.  2,  3;  PI.  VII,  fig.  1. 

QusBCUB,  n.  sp.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept  Geol.,  Vol.  II,  No.  9, 

p.  288,  1901. 
Fopulus  polymorpha  Newb.,  in  part     Proc  U.  S.  Nat.  Mus.,  Vol.  V,  p.  506;  Later 

Extinct  Floras,  p.  50,  PI.  XLVI,  fig.  4  (not  the  other  figures  of  P.  polymorpha). 

Leaf  membranaceous  in  texture,  elliptical-ovate  or  slightly  elliptical- 
obovate  in  shape,  rather  abruptly  rounded  at  base,  obtusely  acuminate 
at  apex;  margin  coarsely  and  irregularly  toothed,  the  teeth  rounded 
or  somewhat  acute  (petiole  not  preserved);  midrib  rather  slender,  per- 
fectly straight;  secondaries  8  or  9  pairs,  alternate,  arising  at  an  angle 
of  45^  or  50^,  nearly  straight,  ending  in  the  larger  marginal  teeth, 
often  with  one  or  two  branches  on  the  lower  side,  which  also  pass  to 
the  marginal  teeth;  the  secondaries  in  the  lower  part  of  the  blade 
closer  than  those  above  and  at  a  less  angle;  nerville^  numerous,  per- 
current  or  broken,  approximately  at  right  angles  to  the  secondaries; 
finer  ner\^ation  producing  a  close,  irregularly  quadrangular  network. 

This  species  is  based  on  two  examples,  one  of  which  (PI.  VI,  fig.  2) 
is  the  original  of  one  of  Newberry's  types  of  Populun  polymorpha^ 
and  the  other  (PI.  VII,  fig.  1)  a  smaller  specimen  that  was  identified  by 
Lesquereux  as  Carpinus  betvloides  Unger.  The  leaves  are  about  6  cm. 
in  length  and  4  cm.  in  width.  The  first-mentioned  example  is^hearly 
perfect,  lacking  only  the  petiole,  while  the  other  lacks  all  of  the  basal 
portion.  The  drawing  given  in  Newberry's  Later  Extinct  Floras  is 
not  quite  correct  as  regards  the  form,  the  teeth  being  uniformly 
rounded,  and  the  nervation  is  only  partially  shown.  The  other  exam- 
ple has  never  before  been  figured. 

1  am  moved  to  take  this  leaf  from  Newberry's  polymorphic  aggre- 
gation for  two  reasons:  First,  because  it  differs  from  the  other  forms 
included  under  I\  polymorpha;  and,  second,  because  I  can  not  believe 
that  it  belongs  with  the  genus  Populus.  It  has  much  more  the  appear- 
ance and  general  facies  of  a  Quercus,  and  for  these  reasons  has  been 
removed. 

Locahty, — Bridge  Creek,  Oi'egon.  Collected  by  Rev.  Thomas  Con- 
don (U.  S.  Nat.  Mus.,  No.  7049)  and  Maj.  Charles  E.  Bendire  (U.  S. 
Nat  Mus.,  No.  8484). 
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QUERCUS   P8EUDO-LYRATA    Lesq. 

QuERCua  PSEtTDo-LYRATA  Lesq.,  Foes.  PI.  Aurif.  Gravel,  p.  8,  PL  II,  figs.  1,  2,  1878; 

Proc.  U.  S.  Nat.  Mua.  Vol.  XI,  p.  17,  PI.  X,  fig.  1,  1888;  Knowlton,  Univ.  Cal., 

Bull.  Dept.  Geol.,  Vol.  II,  No.  9,  p.  308,  1901. 
Quercus  paeudo-lyrata  acutiloba  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  17,  PI.  XI, 

fig.  1,  1878. 
Querciis  pseudo-lyrata  Iprevifolia  Lesq.,  idem,  p.  18,  PI.  X,  fig.  2. 
(^xiercus paeudo-lyraUx  latifolia  Lesq.,  idem,  p.  18,  PI.  XII,  fig.  1. 
Quercus pseudO'lyrcUa  obtutnloha  Lesq.,  idem,  p.  18,  PI.  X,  fig.  3. 

This  species  was  originally  described  and  figured  by  Lesquereux  in 
his  Fossil  Plants  of  the  Auriferous  Gravel  (p.  8,  PL  II,  tigs.  1,  2). 
After  the  description  he  has  the  following  to  say  regarding  the  locality: 

The  locality  is  unknown,  or  at  least  not  marked  in  the  catalogue  of  the  labels.  The 
matrix  of  the  specimens  is  a  white,  soft  clay  like  that  of  the  Chalk  Bluffs  of  Nevada 
County,  California,  and  no  other  species  is  preserved  upon  them  except  a  fragment 
of  a  leaf  apparently  referable  to  (hstanea  intermedia  Lesq.  These  specimens  are  evi- 
dently from  the  same  formation  and  age  as  those  of  the  Chalk  Bluffs. 

Both  of  the  type  specimens  on  which  Lesquereux  based  his  descrip- 
tion and  the  above  statement  are  preserved  in  the  Paleontological  Col- 
lection of  the  University  of  California  (Nos.  1796  and  1796a),  where  I 
recently  had  the  opportunity  of  examining  them.  A  glance  at  the 
matrix  was  suflicient  to  show  that  they  came  from  Van  Horn's  ranch, 
John  Da}'  Valley,  Oregon.  They  form  a  part  of  the  original  Voy 
collection,  made  about  thirty  years  ago,  which  fact  is  recorded  on  the 
back  of  each  speclman.  The  matrix,  mistaken  by  Lesquereux  for  a 
white,  .soft  clay,  is  made  up  of  very  fine  spicules  of  glass  of  volcanic 
origin,  and  is  unmistakably  that  of  the  Van  Horn's  ranch  locality. 
From  this  it  appears  that  Quercus pseud/hlyrata  was  notoriginallj^and, 
so  far  as  now  known,  has  never  been  found  in  California,  or  indeed 
out«iide  of  the  John  Day  Basin.  These  facts  are  of  great  importance, 
since  this  characteristic  species  was  relied  upon  to  establish  the  cor- 
relation between  the  Auriferous  gravels  and  the  Van  Horn's  ranch 
deposits. 

I  have  before  me  all  of  the  type  and  duplicate  material,  belonging 
to  the  United  States  National  Museum,  on  which  Lesquereux  based 
the  above  enumerated  varieties  of  this  species,  as  well  as  the  material 
obtained  by  Dr.  John  C.  Merriam  in  1900  for  the  University  of  Cali- 
fornia, and  })y  myself  in  1901.  This  comprises  fully  one  hundred 
more  or  less  perfect  examples.  There  are,  it  is  true,  slight  differences 
between  the  various  forms,  but  1  am  now  quite  convinced  that  they 
are  only  individual  variations,  such  as  may  be  noted  in  the  leaves  of 
many  species  of  living  oaks.  I  have  placed  all  these  leaves  in  a  single 
series  and  have  found  it  quite  impossible  to  draw  any  satisfactory  line 
between  them.  They  have  consequently  been  referred  to  the  single 
original  form. 
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LtKolity. — Van  Horn's  ranch  and  vicinity,  on  South  Fork  of  John 
Day  River,  12  miles  west  of  Mount  Vernon,  Grant  County,  Oregon. 
Collected  originally  by  C.  D.  Voy  (Univ.  Cal,  Nos.  1796,  1796a). 
Since  collected  by  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  Nos. 
2565,  2566,  2568,  2569,  2570),  Dr.  John  C.  Merriam  in  1900  (Mus. 
Univ.  Cal.,  Nos.  838,  839,  841,  842,  843,  844,  847a,  849,  852,  859,  865, 
872),  and  by  F.  H.  Knowlton,  in  July,  1901  (U.  S.  Nat.  Mus.,  Nos. 
8999-9015).' 

QuERCus  Merriami  n.  sp. 

PI.  VI,  figs.  6,  7;  PI.  VII,  figH.  4,  5. 

QuERCCB  n.  sp.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  Geol.,  Vol.  II,  No.  9, 

p.  308,  1901. 
Qatrcu9  pseudo-lyrata  anguMoba  Leeq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  17,  PL 

XI,  fig.  2,  1888. 

Leaves  coriaceous  in  texture,  narrowly  lanceolate  in  outline,  wedge- 
shaped  at  base,  slenderly  acuminate  at  apex;  provided  with  4  or  5 
pairs  of  alternate  or  subopposite  lobes,  which  are  deltoid  or  deltoid- 
lanceolate  in  shape,  usually  sharp-pointed,  but  occasionally  with  the 
hasal  ones  obtuse  and  rounded;  petiole  very  long  and  slender;  midrib 
moderately  strong;  secondaries  usually  at  an  acute  angle,  as  many  as 
the  lobes  and  ending  in  their  apices;  intermediate  secondaries  few, 
apparently  craspedodrome;  finer  nervation  not  well  retained. 

This  species  is  now  represented  by  more  than  twenty -five  more  or 
less  perfect  examples.  The  one  shown  in  PL  VII,  fig.  4,  was  figured 
by  Lesquereux  under  the  name  of  Quercvs pseudo-lyrata  angvstUoba.^ 
As  shown  in  Lesquereux's  figure,  it  appears  to  lack  the  basal  portion 
with  the  petiole,  but  this  was  covered  by  matrix,  which  has  now 
been  removed,  exposing  the  long,  slender  petiole.  The  other  speci- 
mens figured,  as  well  as  all  but  one  or  two  of  those  now  known,  were 
obtained  in  1901. 

The  first-mentioned  example  (PI.  VI,  fig.  6)  is  about  14  cm.  long, 
including  the  petiole,  which  is  fully  4  cm.  long.  At  the  widest  point 
between  the  lobes  it  is  only  a  little  over  3  cm.,  while  at  the  narrowest 
point,  which  is  near  the  middle  of  the  blade,  it  is  considerably  less 
than  1  cm.  The  still  larger  example,  shown  in  fig.  6,  must  have  been 
15  or  16  cm.  long  and  6  cm.  broad  between  the  points  of  the  lobes.  At 
the  narrowest  point  it  is  about  2  cm.  One  of  the  smallest  leaves  is 
shown  in  PI.  VI,  fig.  6.  It  is  9.5  cm.  long,  including  the  petiole  of 
about  1.5  cm.  in  length.  The  broadest  portion  between  the  lobes  is  2 
cm.,  and  the  narrowest  only  7  mm.  in  width. 

The  specimens  representing  thb  species  are  intimately  associated 
with  the  numerous  leaves  of  typical  Q,  jyHendo-lyraia^  and  it  is  hardly 

oThte  varietal  name  can  not  be  retained,  as  it  is  preoccupied  by  Qruercxu  a^iffustiioba  Al.  Br.,  m 
LDdgw.  Pal»ontogr.,  Vol.  vm,  p.  108,  PI.  XXXVI,  fig.  8, 1861, 
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to  be  wondered  that  Lesquereux,  with  only  a  single  example  before 
him,  should  regard  it  as  an  extremely  narrow  form  of  that  species. 
But  with  the  fine  series  now  at  hand  it  is  clear  that  it  is  very  distinct. 

Among  living  species  this  fonii  is  certainly  suggestive  of  Qu^eus 
heterophylla  Michx.  f.,  the  so-called  Bartram  oak,  which  is  supposed 
to  be  a  hybrid  between  Q.  pJullos  and  Q,  rubra.  This  resemblance 
may  be  only  superficial,  but  it  is  nevertheless  plain. 

I  take  pleasure  in  naming  this  species  in  honor  of  Dr.  John  C. 
Merriam,  of  the  Univerity  of  California. 

L(Kality, — Van  Horn's  ranch  and  the  two  other  near-by  localities,  12 
miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Type  of  fig.  4 
collected  by  Major  Bendire  (U.  S.  Nat.  Mus.,  No.  8505).  Types  of 
other  figures  collected  by  Knowlton  and  Merriam,  July,  1901  (U.  S. 
Nat.  Mus.,  Nos.  8506,  8507).  Type  of  fig.  7  collected  by  Merriam's 
expedition  of  1900  (Mus.  Univ.  Cal.,  No.  846). 

QUERCUS  DURIUSCULA   n.  Sp. 
PI.  VIII,  fig.  2. 

Leaf  coriaceous  in  texture,  broadly  obovate  in  general  outline, 
deeply  lyrate-pinnatifid  into  about  five  lobes,  of  which  the  basal  are 
very  small,  triangular,  and  obtuse,  the  other  broad,  rounded,  with 
deeply  undulate  or  toothed  lobes;  midrib  strong;  secondaries  three 
pairs,  alternate,  ending  in  the  principal  lobes,  the  upper  one«  with 
strong  branches  passing  to  the  smaller  lobes;  finer  nervation  not  well 
retained. 

Unfortunately  only  one  example  of  this  form  was  found,  and  even 
this  lacks  a  small  portion  of  the  base  and  has  the  upper  lobes  some- 
what injured,  evidently  before  fossilization.  The  length  was  about 
5.5  cm.  and  the  greatest  width  about  5  cm.  The  two  basal  lobes  are 
less  than  1  cm.  in  length.  The  outline  and  such  details  of  nervation 
as  are  preserved  are  well  shown  in  the  figure. 

This  leaf  clearl}^  belongs  to  the  white-oak  group,  and  apparently 
finds  its  greatest  aflBnity  with  Querciis  minor  (Marsh.)  Sargent,  the 
well-known  post,  or  iron,  oak,  a  species  now  common  over  much  of 
the  region  east  of  the  Rocky  Mountains  south  of  Massachusetts.  It 
is  so  close  to  this  species,  in  fact,  that  it  can  hardly  be  distinguished 
from  many  of  the  smaller  leaves.  It  would  therefore  seem  beyond 
question  that  the  living  Q,  minor  is  a  direct  descendant  of  this  fossil 
form,  if,  indeed,  it  has  not  remained  practically  unchanged  from  the 
time  the  Mascall  beds  were  laid  down  to  the  present  day. 

Locality, — White  hill  one-half  mile  east  of  original  Van  Horn's 
ranch  locality,  12  miles  west  of  Mount  Vernon,  Grant  County,  Oregon. 
Collected  by  Knowlton  and  Merriam,  July,  1901  (U.  S.  Nat.  Mus., 
No.  8508). 
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QUERCUS   URSINA    n.  Hp. 

PI.  VII,  figs.  2,  3. 

QuEBcusn.  sp.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  Geol.,  Vol.  II,  No.  9, 
p.  308,  1901. 

Leaves  coriaceous  in  texture,  roughly  obovate  in  geneml  outline, 
5  to  7  lobed,  the  lobes  triangular  or  triangular-ovate  in  shape,  vei*y 
acute  and  apparently  bristle-tipped;  petiole  long,  relatively  strong; 
nervation  consisting  of  a  strong  midrib  and  as  many  alternate,  rather 
thin  secondaries  as  there  are  lobes;  finer  nervation  not  fully  preserved. 

This  species  is  represented  by  several  very  well-preserved  leaves. 
They  are  small  leaves,  about  4.5  cm.  long,  exclusive  of  the  petiole, 
and  about  4.5  cm.  broad.  The  petiole  is  fully  1.5  cm.  in  length.  The 
lobes,  usually  about  6  in  number,  are  mainly  triangular  in  shape,  and 
are  entire  or  occasionally  with  a  single  small  sharp  tooth,  as  shown  in 
PI.  VII,  fig.  2. 

This  species,  so  far  as  I  am  able  to  determine,  finds  its  closest  affinity 
among  living  species  with  Quercvs  nana  (Marsh.)  Sargent,  the  bear  or 
scrub  oak  of  the  Eastern  United  States.  The  fossil  form  has  a  longer 
petiole,  but  otherwise  the  shape  is  very  similar  to  certain  of  the 
smaller  leaves  of  this  species. 

It  is  barely  possible  that  these  leaves  may  be  only  small  forms  of 
the  polymorphous  Quercus  psexido-lyrata^  but  I  do  not  at  present  think 
so,  for  out  of  more  than  a  hundred  examples  of  the  latter  species  there 
are  no  forms  that  can  well  be  regarded  as  intermediate. 

Locality.— Y9Ln  Horn's  ranch,  about  12  miles  west  of  Mount  Ver- 
non, Grant  County,  Oregon.  Collected  by  Merriam's  expedition  of 
1900  (type  of  fig.  2,  in  Mus.  Univ.  Cal,  No.  841).  White  hill  one- 
half  mile  east  of  above-mentioned  locality.  Collected  by  Knowlton 
and  Merriam,  July,  1901  (type  of  fig.  3,  U.  S.  Nat.  Mus.,  No.  8509). 

QUERCUS   DAYANA   n.    Sp. 
PI.  VI,  fig.  1. 

Leaf  coriaceous,  broadly  elliptical-lanceolate,  about  equally  obtusely 
acuminate  at  both  base  and  apex;  margin  undulate,  perhaps  reflexed, 
otherwise  entire;  petiole  very  short  and  thick;  midrib  also  very 
thick;  secondaries  thin  and  obscure,  apparently  about  12  pairs,  alter- 
nate, emerging  at  a  low  angle,  apparently  ending  in  or  very  near  the 
margin;  finer  nervation  not  retained. 

The  leaf  figured— the  only  one  thus  far  found — is  3.5  cm.  long  and 
9  mm.  broad  and  has  the  petiole  only  3  mm.  long.  The  outline  and 
scant  nervation  are  well  shown  in  the  figure. 

This  little  leaf  has  such  a  familiar  appearance  that  it  would  soeni  to 
be  a  known  species,  and,  indeed,  it  does  resemble  more  or  less  closely 
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a  number  of  forms,  but  after  careful  comparison  I  am  forced  to 
regard  it  as  hitherto  undescribed.  It  is  clearly  an  oak  leaf  of  the  well 
known  sempennrens  type,  and  is  allied  to  a  number  of  fossil  forms  of 
this  kind.  It  differs,  for  instance,  from  Qnerciis  simplex  Newb.,''  in 
being  much  shorter,  relatively  broader,  with  shorter  petiole  and  closer, 
lower  angled  secondaries.  It  somewhat  resembles  Q.  convexa  Lesq.,* 
of  the  Auriferous  gravels  of  California,  but  differs  in  nervation, 
petiole,  and  other  details.  It  is  not  greatly  unlike  the  smallest  leaves 
of  Q.  simvldta  Knowlton,^  from  the  Payette  formation  of  Idaho,  but 
is  sharper  at  both  ends  and  has  an  undulate  margin  and  a  much 
shorter,  thicker  petiole. 

Locality, — White  hill  one-half  mile  east  of  original  Van  Horn's 
ranch  locality.  Collected  by  Knowlton  and  Merriam,  July,  1901 
(U.  S.  Nat.  Mus.,  No.  8546). 

QUEKCUS   HORNIANA  Lcsq. 
PI.  VIII,  fig.  1. 

QuBRCUS  HOBNiANA  Leeq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  17,  1888  (the  figure 
given  on  PI.  V,  fig.  6,  is  not  a  figure  of  this  specimen,  being  a  figure  of  a  speci- 
men of  XJlmus  calif omica) . 

Qutanea  aiavia  Unger.  Lesquereux,  Cret.  and  Tert.  Fl.,  p.  247,  PI.  LII,  fig.  2, 1884. 

The  type  specimen  of  Lesquereux's  Quercus  homiana  has  not  pre- 
viously been  figured,  the  figure  supposed  to  represent  it  being  that  of 
a  specimen  of  Uhmis  califomica  from  the  same  beds.  It  is  here 
figured  for  the  first  time,  and  it  needs  but  a  glance  to  show  that  it  is 
identical  with  the  leaf  identified  by  Lesquereux  as  Castanea  atavia 
Unger,  a  fact  apparently  overlooked  by  Lesquereux  when  he  estab- 
lished Q,  homiana,  I  have  not  been  able  to  see  any  European 
material  of  Costarica  atavia,,  but  a  study  of  the  type  figures,**  as  well 
as  others,  leads  me  to  the  conclusion  that  Lesquereux  was  in  error  in 
identifying  the  John  Day  leaf  with  this  species.  In  the  European 
species  the  teeth  are  smaller  and  lower,  the  secondaries  opposite  and 
only  about  ten  pairs  instead  of  fifteen  or  more  pairs,  and  the  finer 
nervation  is  much  more  open.  In  the  John  Day  form  the  margin  is 
entire  for  a  considerable  distance  above  the  base  while  the  upper  por- 
tion is  provided  with  very  large,  sharp  teeth. 

While  there  can  be  no  doubt  that  this  leaf  is  the  same  as  that  fig- 
ured by  Lesquereux  as  Castaniea  atavia,,  there  may  be  some  as  to  its 
being  referred  to  Quercus.  The  size  and  shape  of  the  leaf,  however, 
are  very  suggestive  of  an  oak,  and  for  the  present  it  may  remain  in 
this  genus.  It  is  very  well  marked  and  one  not  likely  to  be  easily 
mistaken  for  anything  thus  far  discovered  in  these  beds. 

a  Later  ExUnct  Florms,  p.  78,  PI.  XLIII,  fig.  6. 

frFoss.  PI.  Aurif.  Gravel,  p.  4.  PI.  I,  figs,  ia-17,  1878. 

0 Eighteenth  Ann.  Kept.  U.  S.  Geol.  Surv.,  Pt.  Ill,  p.  728,  PI.  CI.  flg.  8. 

dF068,  Fl.  V.  Sotzka,  p.  34  (164),  PI.  X  (XXXI),  figs.  5-7, 1860. 
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Locality, — Van  Horn's  ranch,  South  Fork  of  John  Day  River,  about 
12  miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Collected 
by  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  8504). 

QuERCus?  sp.  Knowlton. 
PI.  VIII,  fig.  3. 

QuKRCUs?  sp.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  (Teol.,  Vol.  JI,  No.  9, 
p.  308,  1901. 

The  collection  made  by  the  University  of  California  contains  a  single 
leaf — the  one  figured — which  appears  to  belong  to  Quercus.  Only  the 
basal  portion  is  preserved  together  with  a  very  short,  thick  petiole. 
The  texture  seems  to  have  been  coriaceous;  the  shape  is  lanceolate, 
wedge-shaped  at  base,  and  entire  margined.  The  midrib  is  very  thick 
and  the  secondaries — several  pairs — subopposite.  None  of  the  finer 
nervation  is  retained. 

This  may  possibly  be  a  fragment  of  Queram  simplex  Newb.,  which 
is  so  abundant  at  Bridge  Creek,  but  it  is  only  a  fragment  and  the  ner- 
vation is  not  well  preserved,  so  I  have  hesitated  to  so  regard  it. 

Locality. — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Mer nam's  expedition  of  1900. 
(Mus.  Univ.  Cal.,  No.  860.) 

Family  ULMACEiE. 
Ulmus  8PECI08A  Ncwb. 

Ulmxjs  8PBCIOSA  Newb.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  507,  1883;  Later  Extinct 

Floras,  p.  80,  PL  XLV,  figs.  2-4,  7  (non  figs.  5  and  8),  1898. 
Ubnus  pteudiMimericana  Lesq.,  Cret  and  Tert.  Fl.,  p.  249,  PI.  LIV,  fig.  10,  1883. 

The  leaf  made  the  type  of  Lesquereux's  Ulmus  psevdo-americana 
is  preserved  in  the  paleontological  collection  of  the  University  of 
California  (No.  1758),  and  as  it  is  clearly  the  same  as  the  large  leaves 
figured  as  the  types  of  Newberry's  U.  speciosa  and  is  referred  to  it,  as 
the  latter  has  priority. 

As  Newberry  states,  the  collections  from  Bridge  Creek  contain  a 
number  of  elm  leaves  of  the  character  and  size  shown  in  fig.  8  of  his 
plate;  that  is,  they  are  very  much  smaller  and  have  less  coarsely  cut 
margins  than  those  shown  in  figs.  2-4,  and  7.  He  decides,  however, 
that  these  diflferences  are  not  sufficient  to  warrant  separating  them  as 
a  distinct  species.  If  these  extremes  of  size  and  shape  were  connected 
by  intermediate  forms  it  would  be  unwarranted  to  separate  them,  but 
among  a  considerable  number  this  is  not  found  to  be  the  case.  It  is 
possible  to  determine  from  even  a  relatively  small  fragment  the  form 
in  hand.  It  therefore  seems  justifiable  to  separate  them,  and  I  have 
accordingly  done  so,  retaining  the  name  speciosa  for  the  larger  leaves 
and  giving  to  the  smaller  ones  the  name  of  JJlrmis  Newberryi. 
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Ulmim  speciom^  as  here  emended,  may  be  described  as  follows: 
Leaves  10  to  13  cm.  in  length,  5.5  to  6  cm.  in  width,  petioled,  long 
ovoid  or  elliptical  in  outline,  very  unequal  sided  at  base,  narrow 
pointed  at  apex;  margins  coarsely  and  doubly  serrate;  nerv^ation 
strong,  very  regular,  with  a  strong  midrib  and  some  15  to  20  pairs 
of  thin,  close,  parallel  secondaries;  nervilles  numerous,  close,  mainly 
percurrent  and  at  right  angles  to  the  secondaries. 

The  fruit  probably  of  this  species  is  figured  and  described  by 
Newberry. 

Locality, — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  Nos.  7065,  7066,  7067,  7068) 
and  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  Nos.  9217,  9367). 

Ulmus  Newberryi  n.  sp. 

PI.  IX,  fig.  4. 

Ulmus  n.  sp.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  Geol.,  Vol.  II,  No.  9, 

p.  288,  1901. 
Vlmu%  gpeciom  Newb.,  Later  Extinct  Florae,  p.  80,  PI.  XLV,  figs.  5  and  8  (now  figs. 

2-4  and  7),  1898  (1899). 

Leaves  membranaceous  in  texture,  lanceolate  in  outline,  narrowed, 
and  very  unequal  sided  at  base,  long  and  slender  pointed  at  apex; 
margin  coarsely  and  irregularly  doubly  serrate,  the  primary  teeth 
large,  of  quite  regular  size,  the  other  teeth  smaller  and  quite  irregu- 
lar; midrib  rather  thin,  perfectly  stmight;  secondaries  about  12  or 
15  pairs,  parallel,  at  an  acute  angle  and  ending  in  the  larger  teeth; 
nervilles  numerous,  fine,  mainly  broken,  producing  a  large  block  net- 
work between  the  secondaries. 

This  species  is  founded  on  a  considerable  number  of  leaves  besides 
the  ones  figured  by  Newberry  under  U.  speciosa.  One  of  the  most  per- 
fect has  been  figured  here.  This  is  very  narrowly  lanceolate,  10  cm. 
in  length  and  only  a  little  over  3  cm.  in  width.  The  petiole  is  a]x>ut 
5  mm.  long.  Other  examples  are  only  about  6  cm.  long  and  2.5  cm. 
wide,  and  this  is  the  usual  size. 

As  pointed  out  under  17,  spedosa,  this  species  may  be  distinguished 
by  its  much  smaller  size,  much  narrower  shape,  and  more  oblique  base. 
In  fact,  it  approaches  closer  to  U.  califomlea^  in  size  and  shape  than 
to  U,  »pedosa.  It  differs  from  U.  calif ormea  in  having  larger,  doubly 
dentate  teeth,  those  of  the  former  species  being  small  and  only  simply 
dentate. 

Locality, — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  No.  7064)  and  Maj.  Charles 
E.  Bendire  (U.  S.  Nat.  Mus.,  No.  8493). 

a  Mem.  Mus.  Comp.  Zool.,  Vol.  VI,  No.  2,  p.  15,  PI.  FV,  flg.  2, 1878. 
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Ulmus  plurinervia  Unger. 

Ulmus  pujrutkrvia  Unger.  Lesquereux,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  18, 1888. 

A  single  specimen  with  its  counterpart  is  all  that  has  been  found  of 
this  form.  It  is  a  little  larger  than  the  figure  given  by  Heer®  of  the 
Alaskan  form,  but  is  otherwise  the  same. 

Locality, — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  2620). 

Ulmus  californica?  Lesq. 

Uuius  CAiJFORKiCA  Lesq.,  Foes.  PL  Aurif.  Gravel,  p.  15,  PI.  IV,  fig.  2,  1878;  Proc. 
U.  S.  Nat.  Mils.,  Vol.  XI,  p.  18,  PI.  V.  fig.  6  (there  wrongly  stated  to  be  a  figure 
of  Qaer€U8  homiana)f  1888. 

The  collections  contain  several  examples,  one  of  which  was  referred 
by  Lesquereux  to  his  CTlrmcs  californica.  The  others  are  similar  to 
this  and  should  properly  go  with  it.  The  question  as  to  whether  they 
are  properly  referred  to  this  species  is  a  rather  difficult  one  to  settle. 
None  of  the  leaves  are  nearly  perfect  nor  do  they  agree  in  all  particu- 
lars with  the  types.  The  secondaries  incline  to  arch  slightly  outward 
instead  of  strongly  upward.  The  character  of  the  teeth  can  not  be 
made  out  satisfactorily.  In  view  of  these  statements,  it  seems  best  to 
question  their  reference  to  this  species,  and  await  future  material  to 
settle  the  matter  definitely. 

Locality. — Mascall  beds,  Van  Horn's  ranch,  12  miles  west  of  Mount 
Vernon,  Gi^ant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Ben- 
dire  (U.  S.  Nat.  Mus.,  No.  2621)  and  byKnowltonandMerriam,  July, 
1901  (U.  S.  Nat.  Mus.,  Nos.  8983-8985). 

Planera  Ungeri  Ettingshausen. 

Plankra  Ungbri  Ettingshausen.  Lesquereux,  Proc.  U.  8.  Nat.  Mus.,  Vol.  XI,  p.  19, 
1888. 

This  species  is  represented  by  a  single  example  and  its  counterpart, 
and  although  not  perfectly  preserved  may  well  belong  to  this  form. 

Locality. — Mascall  beds.  Van  Horn's  ranch,  Oregon.  Collected  bv 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2534.) 

Family  MORACE.E. 

Ficus  TENUiNERVis  Lcsq. 

Ficcs  TENXTiNKRVis  Lesq.,  Cret  and  Tert.  Fl.,  p.  164,  PI.  XLIV,  fig.  4,  1883;  Proc. 
U.  8.  Nat  Mus.,  Vol.  XI,  p.  23,  1888. 

The  single  broken  leaf  upon  which  Lesquereux  based,  its  presence  at 
Cherry  Creek  remains  unique.  It  is  described  and  discussed  at  length 
in  the  paper  above  quoted. 

Ixpcality. — Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2479). 

a  Fl.  Po68.  Alaska,  p.  Z\,  PI.  V,  fig.  1, 1869. 


Digitized  by 


Google 


56        FOSSIL    FLORA    OF   THE   JOHN    DAY    BASIN,   OREGON,      [biu.204. 

F1CU8  PLANIC08TATA?  Lcsq. 

Fici'H  PLANKX)8TATA?  Lesq.,  Newbeify,  Later  Extinct  Florae,  p.  88,  PI.  XLyi,  fig.  1, 
1898  (1899). 

Locality. — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  No.  7084). 

F1CU8?  OREOONIANA  Lesq. 

PI.  X,  fig.  3. 

Fi(  ITS?  oRBCiONiANA  Lesq.,  Proo.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  18,  PI.  IX,  fig  3, 1888. 

As  the  original  figure  of  this  species  is  so  poorly  and  even  incor- 
rectly drawn,  I  give  another  of  the  type  specimen.  As  may  be  seen, 
Lesquereux's  figure  shows  a  curious  prolongation  on  one  side,  but 
this  has  been  greatly  exaggerated.  The  specimen  is  a  little  broader 
on  one  .«ide,  but  not  to  such  an  extent  as  might  be  inferred  from  the 
figure.  The  i^ecent  collections  from  the  same  localit}'  contain  a  tine, 
nearly  perfect  example  of  this  species,  which  shows  it  to  be  nearly 
equilateral. 

Locality, — Van  Horn's  ranch,  South  Fork  of  John  Day  River,  i*bout 
12  miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.*,  Nos.  2475,  8543)  and  Dr. 
John  C.  Merriam  (Mus.  Univ.  Cal.,  No.  884). 

Artocarpus  californioa?  Knowlton. 

Artocarpus  californica  Knowlton,  Science,  Vol.  XXI,  p.  24,  Jan.  13,  1893. 
Aralia pungens  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  16,  1888. 
Myrica  (Aralia)  Lemgiif  Lesq.,  idem.,  p.  16,  1888. 

The  collections  made  b}'  Bendire  contained  three  specimens  that 
were  referred  by  Lesquereux  as  above  indicated.  They  are  all  very 
fragmentary  and  can  not  be  made  out  with  satisfaction,  yet  it  is  rea- 
sonably ceitain  that  only  one  species  is  represented,  and  in  all  proba- 
bility they  are  the  same  as  my  Artocarpus  califor^nca.  It  was  hoped 
that  late  collections  from  thes©  beds  might  contain  specimens  that 
would  clear  up  this  question,  but  unfortunately  they  do  not,  and  it 
must  remain  open  to  revision. 

ArtocarpuH  calif omica  diflfers  from  A.  Lessigiana  (Lesq.),  Knowlton, 
in  its  smaller  size,  thinner  texture,  and  shorter,  more  acute  lobes. 

Locality, — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Ver- 
non, Giant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire 
(U.  S.  Nat.  Mus.,  Nos.  2428,  2522.) 

Family  BERBERIDACE^]. 
Berberis  simplex  Newb. 

Berberis  simplex  Newh.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  514,1883;  Later  Extinct 
Floras,  p.  97,  Pi.  LVl,  fig.  2,  1898  (1899). 

The  type  of  this  very  distinct  species  still  remains  unique. 
Locaiity. — Bridge  Creek,  Grant  County,   Oregon.      Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  No.  7046). 
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Berbebis?  gigantea  n.  sp. 

PI.  XI,  fig.  1. 

Leaf  of  large  size,  very  thick  and  leathery  in  texture,  palmately 
deeply  three-lobed,  lobes  lanceolate,  provided  with  numerous,  large, 
triangular  or  triangular-lanceolate,  sharp-pointed  lobes;  lobes  pro- 
vided with  very  thick,  fleshy  midrib,  and  an  apparently  continuous 
intramarginal  vein;  secondary  branches  very  thin,  arising  from  the 
midrib  and  passing  directly  or  with  a  slight  curve  to  the  apices  of 
the  lateral  lobes;  finer  nervation  very  thin,  anastomosing,  producing 
large,  iiTegular  areas. 

The  single  magnificent  specimen  upon  which  this  opinion  is  based 
remains  absolutely  unique.  It  was  clearly  a  thick,  leathery  leaf,  and 
palmately  deeply  three-lobed.  There  is  no  means  of  knowing  the  full 
length  and  width,  as  both  base  and  apex  are  absent.  Of  the  middle 
lobe  only  about  6  cm.  is  preserved;  of  the  lateral  lobes  8  to  11  cm.  is 
preserved.  The  widest  part  between  the  lobes  as  now  preserved 
measures  about  13  cm.  When  perfect  it  was  probably  at  least  15 
cm.  long  and  spread  probably  18  cm.  The  petiole  is,  of  course,  not 
preserved.  The  nervation,  as  set  forth  m  the  diagnosis,  is  strongly 
marked.  There  is  a  thin  intramarginal  vein  running  around  the  entire 
margin,  this  being  especially  prominent  in  the  interval  between  the 
lateral  lobes.  Each  lobe  is  provided  with  a  very  thick,  fleshy  midrib, 
from  which  arise,  at  irregular  interv^als,  the  thin  secondaries  which 
pass  to  the  sharp  points  of  the  lateral  lobes.  The  other  nervation 
produces  large  anastomosing  areas. 

I  am  somewhat  uncertain  as  to  the  proper  generic  reference  for  this 
fine  leaf.  The  late  Dr.  Newberry,  to  whom  the  specimen  was  sent 
and  who  had  prepared  a  drawing  of  it,  placed  it  provisionally  in  the 
genas  Cnicus,  or  Carduus,  as  it  is  now  called.  The  peculiar  sharp 
lobes,  as  well  as  the  fleshy  midribs,  are  suggestive  of  the  large  spiny 
leaves  of  thistles,  but  no  species  of  this  genus,  so  far  as  I  know,  has 
palmate  leaves.  The  individual  lobes  resemble  the  whole  leaf  of  many 
species  of  Carduus,  but  the  palmate  character  effectively  excludes  it. 

The  only  genus  with  which  I  have  been  able  to  satisfactorily  compare 
Uiis  leaf  is  Berberis,  and  the  nearest  species  is  B,  trifoliolata  Moric. 
This  species,  now  found  in  southern  Texas  and  Mexico,  has  ordinarily 
small  trifoliolate  leaves,  but  occasionally  one  is  found  in  which  two 
and  sometimes  all  three  leaflets  are  united  for  a  greater  or  less  distance 
at  the  base,  thus  producing  a  leaf  of  exactly  the  same  character  as  the 
fossil  under  discussion.  The  individual  leaflets  of  this  living  species 
are  rarely  more  than  4  cm.  in  length,  whereas  the  lobes  of  this  fossil 
form  must  have  been  10  or  12  cm.  long.  In  the  matter  of  lobation, 
nervation,  and  general  appearance,  even  to  the  intramarginal  vein, 
the  agreement  between  them  is  perfect.  For  this  reason  I  have  placed 
this  fossil  under  Berberis  and  denoted  the  doubt  by  a  question  mark. 
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Locality, — Mascall  l)eds,  Van  Horn's  ranch,  about  12  miles  west  of 
Mount  Vernon,  Oregon.  Collected  by  Rev.  Thomas  Condon.  The 
type  and  only  specimen  is  the  property  of  Columbia  University,  New 
York,  and  is  under  the  care  of  the  New  York  Botanical  (larden. 

Family  MAGNOLIACE.F.. 
Magnolia  lanceolata  Lesq. 

Magnoua  lanceolata  Lo8q.,  Proo.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  20,  1888, 

Locality, — Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Be'ndire  (U.  S.  Nat.  Mus.,  No.  2515). 

Magnolia  Cuiaeri  Knowlton. 

Magnolia  Culveri  Knowlton,  Mon.  U.  S.  Geol.  Surv.  Vol.  XXXII,  Pt.  II,  p.  720, 

PI.  XCII,  %.  5,  1899. 
PopiUus  monodon  U.^\.,  Proo.  V,  S.  Nat.  Miis.,  Vol.  XI,  p.  21,  1888. 

This  material  is  not  very  well  preserved,  but  it  agrees  absolutely 
with  this  species  and  is  so  referred. 

Locality. — Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Maj.  Charles  P].  Bendire  (U.  S.  Nat.  Mus.,  No.  254t))  and  by  Knowl- 
ton and  Merriam  in  1901  (U.  S.  Nat.  Mus.,  No.  9058). 

Magnolia  Inglefieldi  Heer. 

Magnolia  Inglefieldi  Ileer,  Fl.  Fosa.  Arc.,  Vol.  I,  p.  120,  PI.  Ill,  fig.  5tr,  PI.  XVI, 
figs.  5,  6,  8b;  PI.  XVIII,  figs,  1-3,  1868;  I^equereux,  Proo.  U.  S.  Nat.  Mus., 
Vol.  XI,  p.  13,  1888. 

This  is  certainly  different  from  the  last  and  may  well  be  Heer's  spe- 
cies.    It  is  not  contained  in  recent  collections. 

Locality, — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Ver- 
non, (Irant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire 
(U.  S.  Nat.  Mus./Ko.  2518). 

Family  LAURACE^E. 

Laukus  oregoniana  n.  sp. 

PI.  IX,  figs.  2,  3. 

Ixiurm  n.  sp.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  Geol.,  Vol.  II,  No.  9, 
p.  309,  1901. 

Leaves  coriaceous  in  texture,  narrowly  lanceolate  in  shape,  nar- 
rowed from  apparently  above  the  middle  to  a  long  narrowly  wedge- 
shaped  base  (upper  portion  not  preserved,  but  apparently  long  and 
narrowly  acuminate);  midrib  thick  below,  becoming  very  slender  in 
the  upper  i)oi'tion;  .secondaries  about  6  pairs,  thin,  alternate,  arising 
at  an  aiute  angle,  passing  high  up  near  the  margin,  where  they  join, 
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by  a  series  of  broad  loops,  the  one  next  above;  nervilles  prominent, 
oblique  to  the  midrib  and  mainly  broken,  producing  large,  irregular 
areas;  finer  nervilles  numerous, very  thin,  oblique  to  the  stronger  ones; 
ultimate  nervation  made  up  of  very  minute  but  regular  reticulations. 

This  species  is  represented  thus  far  by  only  two  specimens,  the  one 
figured  and  another  much  less  perfect.  The  one  shown  in  the  plate 
was  about  18  cm.  long  (13.5  cm.  in  length  is  now  preserved),  and  3.5 
cm.  wide  at  a  point  probably  a  little  above  the  middle.  It  is  impossible 
to  estimate  the  length  of  the  other  specimens,  but  it  is  wider,  being 
fully  4.5  cm.  wide.  The  nervation  differs  slightly,  also,  th^  seconda- 
ries arise  at  a  less  acute  angle,  but  otherwise  there  is  no  appreciable 
difference. 

The  afiinity  of  the  unfigured  example  seems  to  be  with  some  forms  of 
Laurus  calif omica  Lesq.,  but  it  differs  in  having  the  secondaries  at  a 
more  acute  angle  of  divergence  and  undoubtedly  belongs  with  the  leaf 
figured.     It  may  also  be  compared  with  Persea pu7icttdata  Lesq.^ 

Locality. — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Merriam's  expedition  of  1900 
(Mus.  Univ.  Cal.,  No.  868). 

CiNNAMOMUM  DiLLERI  Knowltou. 

CiNNAMoinjH  DiLLERi  Knowlton,  Twentieth  Ann.  Rept.  U.  S.  Geol.  Surv.,  Pt.  Ill, 
p.  47,  PI.  IV,  fig.  1,  1900. 

The  material  from  Cherry  Creek  obtained  in  1901  contains  one 
nearly  perfect  example  and  several  fragmentary  specimens  that  must 
belong  to  this  species.  The  most  perfect  specimen  Ls  slightly  larger 
than  the  tj'^pe,  but  otherwise  there  is  no  appreciable  difference. 

The  type  was  described  from  Comstock,  Douglas  County,  Oregon, 
in  beds  supposed  to  be  Miocene  in  age,  but  associated  with  it  were 
shells  of   Cardita  planicostata  and  other  characteristic  Elocene  fossils. 
As  the  beds  at  Cherry  Creek  are  certainly  Eocene  it  would  seem  to  sus 
tain  the  contention  that  the  beds  at  Comstock  are  also  of  this  age. 

Locality. — Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Knowlton  and  Merriam,  July,  1901  (U.  S.  Nat.  Mus. ,  Nos.  9055, 9056). 

CiNNAMOMUM  BeNDIREI  U.  sp. 

PI.  X,  fig.  4. 

Leaf  membranaceous  m  texture,  oblong-lanceolate  in  shape,  long 
wedge-shaped  at  base,  apparently  rather  obtusely  pointed  at  apex; 
mai^in  entire;  petiole  long  and  slender;  midrib  thick  below,  becoming 
very  thin  above,  with  two  or  three  pairs  of  thin  secondaries  in  the 
upper  part  which  are  at  a  low  angle;  lower  pair  of  strong  secondaries 


aProc.  U.  8.  Nat.  Muk,  Vol.  XI,  p.  26,  PI.  XIV,  tig.  1.  1888. 
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arising  at  a  point  well  above  the  base  of  the  blade,  passing  up  at  an 
acute  angle  to  near  the  upper  part  of  the  leaf,  and  here  they  become 
thin  and  join  with  the  equally  thin  secondaries  from  the  upper  part  of 
the  midrib;  each  of  the  large  secondaries  with  several  thin  loops  on 
the  outer  side;  nervilles  numerous,  thin,  crossing  between  the  midrib 
and  strong  secondaries,  mainly  percurrent  though  irregular;  finer 
nervation  producing  rather  large  blocks. 

The  example  figured  is  the  only  one  found  in  the  collections.  It 
lacks  only  the  extreme  upper  portion.  The  length  was  about  6.6  cm., 
exclusive  of  the  petiole,  which  is  1.6  cm.  in  length.  The  width  of 
the  blade  is  2.5  cm.  at  the  broadest  point,  which  is  slightly  above  the 
middle. 

This  species  is  wholly  unlike  anything  before  reported  from  the 
beds  at  Bridge  Creek.  It  is  perhaps  nearest  to  certain  forms  of 
(7.  Scheuckzeri  of  Heer,  being,  for  example,  hardly  to  be  separated 
from  a  leaf  figured  by  Ludwig^  in  his  Fossile  Pflanzen  aus  der  filtesten 
Abtheilung  der  Rheinisch  -  Wetteraurer  Tertiftr- Formation.  This, 
however,  is  not  the  typical  form  of  C.  ScheuchzeH^  and  I  prefer  to 
describe  it  as  new  rather  than  unite  it  with  an  anomalous  leaf  that  has 
been  referred  to  an  established  species. 

Locality. — Bridge  Creek,  Oregon.  Collected  by  Maj.  Charles  E. 
Bendire  (U.  S.  Nat.  Mus.,  No.  8490). 

Family  HYDRANGEACE^. 

Hydrangea  Bendirei  (Ward)  Knowlton. 

PI.  IX,  figs.  6,  7. 

Hydrangea  Bendirei  ( Ward)  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept  Geol., 

Vol.  II,  No.  9,  p.  309,  1901. 
Marmka  Bendirei  Ward,  Fifth  Ann.  Rept.  U.  S.  Geol.  Surv.,  p.  446,  1885. 
Parana  Bendirei  (Ward)  Lesquereux,  Proc.  Q.  S.  Nat.  Mus.,  Vol.  XI,  p.  16,  PL 

VIII,  fig.  4,  1888. 

Sterile  flowers  of  large  size;  calyx  lobes  of  firm  texture,  broadly 
obovate,  oval,  or  nearly  circular  in  shape,  considerably  overlapping, 
obtuse  and  rounded  at  apex,  truncate  or  slightly  narrowed  at  the 
sessile  base;  nervation  strong,  consisting  of  some  six  or  eight  nerves 
of  equal  strength,  the  central  one  passing  apparently  to  the  tip  of  the 
calyx  lobes  and  having  two  or  three  branches  at  various  distances 
which  anastomose  with  it  some  distance  below  the  apex;  other  nerves 
diverging  and  joining  by  broad  loops  with  several  series  of  smaller 
loops  outside;  nervilles  producing  quite  large  irregularly  quadrangu- 
lar areas  in  which  there  are  often  free  veins. 


a  Palneontographica,  Vol.  VIII,  PI.  XLI,  fig.  8. 
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Four  more  or  less  perfect  examples  of  this  exceedingly  interesting 
species  have  been  found.  The  original  specimen  is  nearly  4  cm.  by 
3  cm.  in  size,  the  large  sepals  being  2  cm.  long  and  1.5  cm.  broad. 
The  next  discovered  specimen  was  obtained  by  Dr.  John  C.  Merriam  in 
1900.  It  is  not  quite  perfect,  but  has  the  nervation  very  well  pre- 
served. The  sepals  are  about  2  cm.  long  and  nearly  as  broad.  The 
two  remaining  examples  were  obtained  by  myself  in  1901. 

The  original  specimen,  as  may  be  noted  under  the  synonymy,  was 
firsttentatively  referred  to  Marsilea,  and  was  later  placed  under  Porana 
by  Lesquereux,  who  correctly  recognized  its  nature.  Lesquerex,  how- 
ever, was  in  error  in  supposing  that  the  sepals  were  "  connate  to  above 
the  middle."  They  are  undoubtedly  free  and  overlapping,  as  shown 
by  the  present  drawing.  (See  PI.  IX,  fig.  6.)  The  example  secured  by 
Dr.  Merriam  is,  as  already  stated,  not  perfectly  preserved,  but  as  nearly 
as  can  be  made  out,  it  consists  of  only  three  sepals,  although  the  fourth 
may  be  present,  concealed  under  the  others.  They  are  clearly  free, 
however. 

The  fossil  forms  referred  to  Porana  consist  of  the  more  or  less 
leathery  sepals  and  are  usually  five  in  number.  Two  species  have 
been  described  from  the  United  States  by  Lesquereux,  both  coming 
from  Florissant,  Colorado.  Porana  Speirii^  is  a  five-lobed  connate 
species,  while  P.  temiis^  has  never  been  figured,  but  is  described  as 
having  the  sepals  separate  to  the  base.  The  first  is  very  distinct 
from  the  form  under  consideration,  while  the  latter  can  not  be  well 
compared. 

On  first  examining  these  specimens,  especially  the  one  collected  by 
Dr.  Merriam  (PL  IX,  fig.  7),  they  seem  to  be  referable  to  a  Cornus  of 
the  type  of  C.  florida  or  O.  NuUaUii  Aud.,  but  the  absence  of  any 
marked  indication  of  the  flowers  in  the  center  apparently  precludes 
their  reference  to  this  genus. 

At  the  suggestion  of  Mr.  Charles  Louis  Pollard,  of  the  United  States 
National  Herbarium,  these  fossils  were  compared  with  various  species 
of  the  genus  Hydrangea,  and  the  resemblance  between  them  and  the 
sterile  flowers  so  characteristic  of  this  genus  was  so  striking  that  they 
have  been  referred  to  Hydrangea. 

Eight  fossil  species  of  Hydrangea  have  been  described  from  the 
European  Tertiary,  but  none  of  them  approach  closely  to  our  form. 

Locality. — Van  Horn's  ranch,  South  Fork  of  John  Day  River,  12  miles 
west  of  Mount  Vernon,  Grant  County,  Oregon.  Collected  by  Maj. 
Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  8515),  and  by  Dr.  John  C. 
Merriam  (Pal.  Col.  Univ.  Cal.,  No.  854).  Also  obtained  from  a  gulch 
half  a  mile  northwest  of  the  Belshaw  ranch,  the  next  ranch  east  of 
Van  Horn's,  by  F.  H.  Knowlton,  July,  1901  (U.  S.  Nat.  Mus.,  Nos. 
8994,  8995). 

aCret.  and  Tert.  PL,  p.  1T2,  PI.  XXVni.  fig.  15, 1888.  ^  Idem,  p.  173. 

Digitized  by  VjOOQ IC 


62         FOSSIL    FLORA    OF    THE    JOHN    DAY    BASIN,   OREGON.      [BULuaw. 

Family  HAMAMELIDACE^. 

LiQUIDAMBAR  EUROPiEUM  Al.    Br. 

LiqriDAMBAR  EURopiEUM  Al.  Br.     Newberry,  Later  Extinct  Floras,  p.  100,  PI.  XLVII, 
figs.  1-3,  1898  (1899). 

As  Newberry  well  says  (op.  cit.  p.  101),  this  species  is  hardly  to  be 
distinguished  from  large  leaves  of  Lesquereux's  Liquidainhar  cali- 
fonifCftm^  from  the  Auriferous  gravel  of  California.  But  it  appears 
that  the  large  form  is  rare  among  the  Auriferous  gravel  examples, 
most  of  them  being  much  smaller  and  only  three  lobed.  It  therefore 
seems  best  to  keep  them  apart  for  the  present,  although  they  are 
undoubtedly  close.  Its  identity  with  the  European  form  is  also  a 
matter  for  future  settlement. 

Locality. — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  Nos.  7094,  7095,  7096). 

LiQUIDAMBAR   EUROPIUM   PATULUM,  n.  Var. 
PL  X,  fig.  5. 

Liquidamhar  europscum  Al.  Br.  Lesquereux,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p,  14, 

1888. 

This  specimen,  the  only  one  thus  far  found  at  this  locality,  was 
referred  by  Lesquereux,  without  comment,  to  Z.  europxum.  It  is  a 
well-known  fact  that  this  is  a  very  variable  species,  which  more  than 
likely  covers  several  distinct  forms,  but  the  leaf  under  consideration 
differs  markedly  from  any  that  I  have  seen  figured  in  European 
books.  It  is  difctinctly  different  from  the  large  five-  to  seven-lobed 
leaves  found  at  Bridge  Creek,  nor  is  it  the  same  as  Lesquereux's  Z. 
califoryifoum^  from  the  Auriferous  gravels.  I  have  therefore  ventured 
to  give  it  subspecific  rank  under  the  nekme  of  L.europa^um  patuJum, 
It  may  be  described  as  follows:  Leaf  coriaceous  in  texture,  three-lobed 
and  much  broader  than  long;  central  lobe  obtusely  elliptical;  lateral 
lobes  lanceolate-acuminate,  nearly  at  right  angles  to  the  central  lobe; 
margin  finel}^  and  sharply  serrate  throughout. 

The  width  of  this  leaf  is  about  14  cm.  and  the  length  only  about  8 
cm.  The  central  lobe  is  about  4  cm.  broad  and  the  same  in  length, 
while  the  lateral  lobes  are  but  little  more  than  2.5  cm.  broad. 

Locality. — Van  Horn's  ranch,  South  Fork  of  John  Day  River,  about 
12  miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Collected 
by  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  8544). 

LiQUIDAMBAR  PROTENSUM   ?  linger. 

LiQUIDAMBAR  PROTKNHi'M  ?  linger.     Lesqucreux,  Proc.  U.  H.  Nat.  Muh.,  Vol.  XI,  p. 
13,  PI.  Vlll,  %.  8,  1888. 

I  regard  this  identification  as  extremely  doubtful.  The  specimen 
lacks  practically  all  of  the  margin,  and  other  of  its  characters  have 
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been  distorted.  As  Lesquereux  suggests  (op.  cit.,  p.  13),  this  leaf  has 
a  striking  resemblance  to  his  Acer  di//i//7'j)kum^  but  the  specimen  is  not 
sufficiently  perfect  to  warrant  the  assertion  that  it  represents  a  leaf  of 
that  species. 

Locality, — Van  Horn's  ranch,  South  Fork  of  John  Day  River,  about 
12  miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Collected 
by  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2504). 

LlQUIDAMBAR   PACHYPHYLLUM,  n.  sp. 

PI.  IX,  fig.  1. 

Leaf  of  small  size,  very  thick  in  texture,  five-lobed,  the  lobes  short, 
ovate,  or  ovate-lanceolate,  acute;  margin  serrate  throughout,  the  teeth 
rather  large,  upward  pointing;  ribs  arising  just  inside  the  lower  mar- 
gin of  the  blade,  very  strong,  passing  to  the  apices  of  the  lobes;  sec- 
ondary bi-anches  numerous,  alternate,  often  irregular,  camptodrome, 
arching  near  the  margin;  nervilles  very  irregular,  producing  a  coarse, 
heavy  network. 

The  single  broken  example  figured  is  all  that  was  found  in  the  col- 
lections. It  was  clearly  five-lobed,  but  only  the  two  lower  and  a  part 
of  one  middle  lobe  is  preserved.  The  total  length  appears  to  have  been 
between  5  and  6  cm.,  or  possibly  a  little  more.  The  width  between 
the  two  lower  lobes  is  5.6  cm. 

This  species  had  evidently  a  very  thick,  pulpy  k>af ,  and  the  nerva- 
tion is  especially  strong,  particularly  the  ribs  and  nervilles. 

Leaves  of  this  genus  appear  to  be  rare  in  the  Mascall  beds,  and  the 
leaf  under  consideration  is  wholly  unlike  an}^  before  detected.  The 
leaves  referred  to  X.  exinypseum  pat/idmn  and  Z.  protensum  are  thin, 
being  like  the  living  species  in  texture,  whereas  ours  is  clearly  a  thick 
leaf  with  a  strong  nervation.  It  is  also  unlike  L.  califortiicwni^  from 
the  Auriferous  gravels. 

Locality. — Mascall  beds.  Van  Horn's  ranch,  about  12  miles  west  of 
Mount  Vernon,  Grant  County,  Oregon.  Collected  by  Knowlton  and 
Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  No.  8534). 

LlQUIDAMBAR  sp.  ? 
PI.  XII,  fig.  4. 

The  collection  contains  one  leaf  that  apparently  belongs  to  Liquid- 
atnber,  but  it  is  much  broken,  and  does  not  show  all  the  characters. 
This  example,  shown  in  PI.  XII,  fig.  4,  is  a  large  leaf,  five  or  possibly 
seven  lobed,  the  lower  lobes  being  at  right  angles  with  the  midrib,  pro- 
ducing a  novel  truncate  base.  The  width  between  these  two  lobes  is 
nearly  14  cm.  The  margin  of  the  lobes  is  provided  with  numerous  fine 
teeth.  The  nervation  is  well  marked,  consisting  of  about  five  strong 
ribs,  which  radiate  from  the  top  of  the  petiole  and  presumably  end 
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in  the  tips  of  the  lobes.  Each  is  provided  with  numerous  secondary 
branches,  and  from  the  larger  size  of  some  it  is  presumed  that  they 
supplied  lateral  lobes.     The  finer  nervation  is  that  of  Liquidambar. 

Locality,  -White  hill  one-half  mile  east  of  original  Van  Horn's 
ranch  locality.  Collected  by  Knowlton  and  Merriam,  July,  1901 
(U.  S.  Nat.  Mus.,  No.  8545). 

Family  PLATANACE^. 
Platanus  aspera  Newb. 

Platanus  aspera  Newb.,  Proc.  U.  S.  Nat.  Mub.,  Vol.  V,  p.  509,  1883;  Later  Extinct 
Floras,  p.  102,  PL  XLII,  figs.  1-3;  PL  XLIV,  fig.  5;  PL  LIX,  fig.  3,  1898. 

The  types  of  this  species  are  before  me,  together  with  a  number  of 
more  or  less  fragmentary  examples  collected  later.  They  exhibit 
nothing  to  modify  the  views  originally  expressed  by  Newberry. 

Locality, — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  Nos.  7079,  7081,  7082,  7083) 
and  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  3010). 

Platanus  Condoni  (Newb.)  Knowlton. 

Platanus  Condoni  (Newb.)  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  Geol., 

Vol.  II,  No.  9,  p.  289,  1901. 
Ficnuf  Condoni  Newb.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  512, 1883;  Later  Extinct  Floras, 

p.  85,  Vol.  LVI,  fig.  1;  PI.  LVIII,  fig.  1,  1898. 

The  following  conclusions  are  based  on  all  of  the  original  types  of 
Newberry,  together  with  a  considerable  number  more  recently  col- 
lected, which  have  passed  through  Lesquereux's  hands.  NewbeiTy, 
as  evidenced  by  the  question  mark  placed  after  the  genus  as  well  as 
the  discussion  in  the  Later  Extinct  Floras,  was  in  doubt  as  to  the  ref- 
erence of  these  fine  leaves  to  the  genus  Ficus,  and  Lesquereux 
referred  them  without  hesitation  to  Platanus  hasilobaia.  That  it 
should  be  placed  in  the  genus  Platanus  is  certain,  but  that  it  should  be 
referred  to  Professor  Ward's  species  is  not  quite  so  clear.  After  a 
careful  examination  of  the  types  of  Platanus  hasilobata  and  consultation 
with  their  author,  I  can  but  conclude  that,  although  close,  there  are 
sufficient  differences  to  warrant  keeping  them  apart,  at  least  for  the 
present.  The  basal  lobes  in  P.  hasilobata  are  uniformly  larger,  and  in 
most  cases  several  times  the  size  of  those  in  the  form  under  discus- 
sion, and,  moreover,  they  appear  to  be  always  deeply  lobed  in  the 
former  and  entire  in  the  latter.  Assuming  that  the  evolutional  ten- 
dency is  to  get  rid  of  these  large  stipular  organs,  as  suggested  in  the 
living  P,  occkhmtalh^  the  Bridge  Creek  form  would  represent  a  more 
recent  and  higher  developed  stage  than  P.  hasilobata^  a  supposition 
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borne  out  by  the  relative  ages  of  the  beds  in  which  they  are  found. 
In  size  of  blade,  configuration  of  margin,  and  in  nervation  the  two 
forms  are  practically  identical. 

Local  it  !ei<. — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Kev.  Thomas  Condon  (Newberry's  types,  U.  S.  Nat.  Mus.,  Nos.  7o79, 
7085)  and  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  Nos.  2892,  2898). 
Officers  ranch,  lower  end  of  Butler  Basin.  Collected  by  Dr.  John 
C.  Merriam,  July  22,  1901  (U.  S.  Nat.  Mus.,  No.  9206-9208). 

Platanus  nobilis?  Newb. 
Platancs  nobilis?  Newb.     Lej^quereux,  Proc.  U.  8.  Nat.  Muh.,  Vol.  XI,  p.  19,  1888. 

The  material  from  Van  Horn's  ranch  contains  a  single  very  large 
leaf  which  Lesquereux  identified  with  this  .species.  This  paiticular 
specimen  lacks  most  of  the  margin,  but  as  nearly  as  can  >>e  made  out 
it  was  fiA'e-lobed  and  entire,  or  at  most  only  undulate  on  the  margin. 
In  size  it  must  have  been  more  than  25  cm.  long  and  23  cm.  or  more 
broad.  The  petiole  is  preserved  entire  and  is  8  cm.  long  and  7  mm. 
thick  at  the  point  of  attachment  to  the  bmnch  and  4  mm.  thick  in  the 
middle.  The  nervation  of  the  leaf  is  strong.  The  margin  not  having 
been  preserved  it  is  hard  to  be  positive  of  this  determination,  yet,  all 
things  considered,  it  is  possibly  correct,  although  the  petiole  is  stronger 
than  I  remember  to  have  seen  in  this  species.  Additional  material 
must  be  awaited  for  satisfactory  settlement. 

L(Hiallty, — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  2588). 

Platanus  aceroides?  (GOppert)  Heer. 

Platancs  aceroides  (Goppert)  Heer.     Lescjuereux,  Proc.  V .  8.  Nat.  Mus.,  Vol.  XI, 
p.  19,  PI.  V,  fig.  7,  1888. 

The  two  examples  identified  by  Lesquereux  as  this  species  are  very 
unlike  in  size,  the  smaller — the  one  figured— being  4  cm.  long  and  a 
little  more  than  3.5  cm.  broad,  while  the  larger  one  is  11  or  12  cm. 
long  and  13  em.  or  more  broad.  I  am  uncertain  as  to  the  correctness 
of  this  identification.  They  do  have  somewhat  the  appeamnce  of 
various  leaves  that  have  been  referred  to  this  si>ecies,  but  they  also 
differ.  There  is  not  a  sufficient  amount  of  material,  however,  to  war- 
rant attempting  to  properly  characterize  them  as  new.  I  have  there- 
fore retained  them  as  above,  with  the  mark  of  interrogation  after  the 
specific  name. 

Locality, — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  2535). 

Bull.  204r-02  — 5 
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PlJVTANUS  sp. 

Platanus  Rat/noldsii  Newberry.     Lestjuereux,  Proo.  U.  8.  Nat.  Mui<.,  Vol.  XI,  p.  19, 

1888. 

Thin  identification  rests  on  two  fragments  of  very  large  leaves  that 
are  not  in  my  opinion  well  enough  preserved  to  warrant  specific  deter- 
mination. They  can  hardly  belong  to  P,  EaynoMsil^  as  Lesquereux 
has  stated,  nor  do  they  seem  to  be  parts  of  either  P.  twhllU  or  P, 
acero!d<'s.     Just  what  they  are  I  am  unable  to  say  at  present. 

Locality, — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,No.  2539). 

Family  ROSACEiE. 

(^RAT^GUS   FLAVESCENS   Ncwb. 

PL  X,  fig.  1. 

Crat^mu's  FLAVESCENS  Newb.,  PrcK'.   U.  S.  Nat.  Mus.,  Vol.  V,  p.  507,  1883;  Later 

Extinct  Floras,  p.  112,  PI.  XLVIII,  fig.  1,  1898. 
Myrica  divermfolia  Lesq.,  Cret.  and  Tert.  FL,  p.  241,  PI.  L,  fig.  10,  1883. 

I  have  before  me  as  1  write  the  type  of  Newberry's  Crata^guniliiveS' 
ce7)s  (U.  S.  Nat.  Mus.,  No.  7088)  and  a  part  of  Lesquereux'^s  types  of 
his  Myrica  diversifolla  as  described  first  from  Florissant,  Colorado. 
The  type  of  the  Bridge  (>reek  example  referred  by  lesquereux  to  J/. 
dirrrslfoUa  (op.  cit.,  PI.  L,  fig.  10)  is  in  the  paleontological  collection 
of  the  University  of  California,  where  I  have  seen  it,  and  there  can 
be  no  doubt  of  its  absolute  identity  with  Newberry's  Craftegm  faves- 
ecfifiot  prior  date,  and  I  have  so  referred  it.  In  regard  to  the  status 
of  the  Florissant  specimens"  I  am  somewhat  in  doubt.  The  National 
Museum  collection  does  not  appear  to  contain  all  of  the  figured 
examples  and,  judging  from  the  figures  alone,  it  would  seem  that  they 
represent  more  than  one  species.  Figs.  7,  8,  11,  12,  and  14  are 
seemingly  identical  with  the  Bridge  Creek  species,  yet  they  show  a 
tendency  to  have  sharply  toothed  lobes,  a  condition  not  often  present 
in  the  former  species.  In  the  absence  of  a  suflScient  amount  of  mate- 
rial (these  leaves  appear  to  be  rare  in  the  Bridge  Creek  collections)  it 
has  seemed  best  to  leave  it  for  future  settlement. 

Locality. — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  and  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus., 
No.  8489).  Type  of  Lesquereux's  fig.  10,  op.  cit.,  in  Mus.  Univ.  Cal., 
No.  1757. 

Qrat^gus  impakilis  n.  sp. 

PI.  X,  fig.  2. 

Leaf  semicoriaceous,  roughly  ovate  in  outline,  very  obtusely  wedge- 
shaped  at  base,  palmately  three-ribbed,  primarily  three-lobed,   but 

aCret.  and  Tcrt.  Fl..  p.  14M.  PI.  XXV.  flgs.  6-16. 

Digitized  by  VjOOQ IC 


K.NOWLTON.]  DE8CKIPTION    OF   SPECIES.  67 

ultimately  seven-lobed;  lateral  lol)es  of  same  size,  separated  from  cen- 
tral lobe  by  sharp,  deep  sinuses,  rather  obtuse  at  apex,  each  with  a 
single,  small,  obtuse  lateral  lobe;  central  lobe  much  the  larger,  lance- 
olate, three-lobed  at  apex,  secondary  lol>es  short  acute;  margin  of 
lobes  undulate  or  obscurely  dentate;  the  three  ribs  of  about  the  same 
size,  the  central  or  midrib  with  about  six  pairs  of  alternate,  thin  sec- 
ondaries, two  of  which  enter  the  lateral  lobes;  lateral  ribs  with  several 
pairs  of  thin,  irregular  secondaries,  two  of  which  are  slightly  larger 
and  enter  the  side  lobes;  finer  nervation  producing  a  regular,  deeply 
impressed  network. 

The  leaf  figured,  the  only  one  found,  is  3  cm.  long  and  alx>ut  2  cm. 
wide.  It  Is  seven-lobed,  but  only  three-ribbed,  the  lower  lobes  each 
have  a  small  side  lobe,  and  the  main  central  lobe  a  small  lo>)e  on  each 
side.  The  length  of  the  lower  lobes  from  the  sinus  is  about  1  cm. 
that  of  the  middle  lobe  from  the  sinus  is  1.75  cm.  The  configuration 
of  the  margin  and  the  nervation  are  well  shown  in  the  figure. 

This  species  appears  to  find  its  closest  affinity  with  Cratse^nA  ffdves- 
eenif  Newb. ,«  or  Myrica  dlveraifolia^  as  it  was  later  called  by  Lesque- 
reux.*  The  leaf  from  Bridge  Creek,  referred  by  Lesquereux  to  his 
Myrica  div^r^ifolia^  is  certainly  the  same  as  Newberry's  Cvatee^vHJlave^' 
ctrnn,  and  certain  of  the  Florisvsant  leaves  appear  to  be  the  same,  but 
1  am  under  the  impression  that  at  least  two  species  are  represented  in 
the  latter  material. 

The  leaf  under  consideration  differs  in  a  number  of  particulars  from 
the  Bridge  Creek  specimens.  Thus  it  is  deeply  three-lobed  with  eac*h 
lateral  lobe  provided  with  a  small  lobe,  whereas  the  Bridge  Creek  speci- 
mens are  usually  rather  evenly  lobed  throughout.  The  ribs  in  the 
new  form  are  three  in  number  and  arise  at  the  top  of  the  petiole.  In 
the  other  species  the  leaf  is  not  palmately  ribbed,  but  is  provided  with 
secondaries,  even  the  lowest  pair  of  which  arise  from  the  midrib  well 
alx>ve  the  base  and  pass  to  the  lobes.  The  margin  of  these  latter  spec- 
imens inclines  to  be  more  crenulate.  One  specimen  is  perhaps  closer 
in  shape  to  one  of  the  Florissant  leaves,''  but  it  differs  in  the  nervation 
in  the  same  manner  as  do  the  other  examples. 

lAfcality. — White  hill  half-mile  east  of  original  Van  Horn's  ranch 
locality.  Collected  by  Knowlton  and  Merriam,  July,  1901  (U.  S. 
Nat.  Mus.,  No.  8513.)*^ 

Prunus^  Merriami  n.  sp. 

PI.  XI,  figs.  2,  3,  6,  7. 
Pruntis  n.  sp.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  (leol..  Vol.  II,  No.  9, 
p.  309,  1901. 

Leaves  coriaceous,  ovate  in  shape,  apparently  abruptly  rounded  and 
truncate  at  base,  obtusely  acuminate  at  apex;  margin  finely  serrate, 

a  lAter  Extinct  Flonw,  p.  112,  PI.  XLVIH,  fig.  1. 

bCret.  and  Tert.  Fl.,  p.  241,  PI.  L,  fig.  10.    This  species  was  also  described  and  figured  from 
Florl«ant.  Colorado,  idem,  p.  148,  PI.  XXV,  Qgf*.  6-15. 
eldem.  PI.  XXV.fig.  11. 
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the  teeth  of  nearly  equal  size,  obtusely  pointed;  midrib  very  thick, 
especially  below;  secondaries  alK)ut  ten  pairs,  mostly  strong,  alternate 
or  a  few  opposite,  arising  nearly  at  a  right  angle  on  one  side  and  at  an 
angle  of  about  20^  or  25*^  on  the  other,  strongly  camptodrome,  arch- 
ing far  below  the  margin  and  joining  the  secondary  next  above  by 
a  broad  loop,  with  a  series  of  loops  on  the  outside  from  which  nervilles 
enter  the  teeth;  nervilles  numerous,  strong,  irregular,  often  broken, 
producing  large  areas  which  are  filled  by  a  very  regular  fine  network. 

The  type  of  this  species  is  nearly  4  cm.  in  length  and  is  a  little  more 
than  2.6  cm.  in  width.  It  appears  to  have  been  a  rather  thick  leaf, 
ovate  in  shape,  with  a  finely  serrate  margin,  a  thick  midrib,  and  about 
ten  pairs  of  strong,  camptodrome  secondaries,  which  divide  and  arch 
far  inside  the  margin. 

While  I  am  not  absolutely  certain  that  this  leaf  should  properly  be 
referred  to  Prunus,  it  agrees  so  closely  in  a  general  way  with  various 
living  species  of  this  genus  that  it  has  been  tentatively  placed  under  it 
It  is,  for  instance,  veiy  similar  to  certain  forms  of  P,  virginlana^  P. 
deinissa^  etc.  It  is  also  quite  like  some  species  of  Cydonia,  as  C. 
japonica^  the  flowering  quince,  but  it  is  hardl}'  likely  that  this  genus 
was  natural  to  this  country.  In  any  case  the  species  is  a  well  marked 
one  and  can  readily  be  identified  as  a  stratigraphic  mark. 

This  species  is  named  in  honor  of  Dr.  John  C.  Merriam,  of  the  Uni- 
versity of  California. 

Local hy, — Van  Horn's  I'anch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Merriam's  expedition  of  1900 
(Mus.  Univ.  Cal.,  Nos.  886,  887)  and  by  Knowlton  and  Merriam,  1901 
(U.  S.  Nat.  Mus.,  No.  8514). 

Prunus  f  tufauea  n.  sp. 

PI.  XI,  fig.  4. 

Prumts  n.  Hp.,  Knowlton  in  Merriam,  Univ.  ('al.,  Bull.  Dept.  Geol.,  Vol.  II,  No.  9, 
p.  309,  1901. 

Leaves  seniicoriaceous  in  texture,  elliptical  or  elliptical-obovate, 
slightly  unequal  sided,  leather  abruptly  wedge  shaped  at  base,  and 
sirnilarh'  narrowed  at  apex;  margin  finely,  sharply,  and  evenly  serrate 
throughout;  petiole  thick  and  strong;  midrib  rather  thick,  especially 
below;  secondaries  about  eight  or  nine  pairs,  opposite  in  the  lower 
portions,  alternate  above,  arising  at  an  angle  of  about  30^  or  less  and 
camptodrome,  forking  well  below  the  margin  and  joining  the  one  next 
above  by  a  broad  loop,  and  apparentl}^  with  thin  nervilles  passing  to 
the  teeth;  nervilles  strong,  mainly  broken;  finer  nervation  producing 
minute  areolse. 

These  leaves  are  al>out  3.5  cm.  long  and  2  cm.  broad.  The  thick 
l^etiole  is  over  1  cm.  long.  The  marginal  teeth  are  fine,  regular,  and 
shai*!)  pointed. 
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These  Icuvivs  inay  beIon|^  to  the  preceding  species,  but  hh  they  differ 
in  a  nuralx^r  of  minor  particulars  it  has  seemed  best  to  keep  them  sepa- 
rate. They  are  elliptical  or  slightly  elliptical-olmvate  i  nstead  of  ovate, 
the  teeth  are  finer,  more  regular,  and  evidently  sharper  pointed,  and 
the  secondaries  are  at  a  stronger  angle  of  divergence. 

L(>e(illty,  —Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Merriam's  expedition  of  1900. 
(Type  in  Mus.  Univ.  Cal.,  No.  885.) 

Family  MIMOSACE^. 
Acacia  oreooniana  Lesq. 

Acacia  orbgoniana  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  14,  PI.  V,  fig.  4,  1888. 

The  type  specimen  with  its  c<>unterpart  still  remains  unique. 

Ltfcality. — Van  Horn's  ranch,  South  Fork  of  John  Day  River,  12 
miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2412). 

Family  CiESALPlNACEJi  ? 
Cassia  ?  sp.  Newb. 

Cassia?  sp.,  Newb.,  Later  Extinct  Florae,  p.  113,  PI.  XLVI,  fig.  10,  1898. 

The  type  of  this  form  is  before  me  and  it  requires  but  a  glance  to 
see  that  the  drawing  does  not  correspond  accurately  with  the  speci- 
men. Judging  from  the  drawing  alone  it  would  seem  to  represent  a 
small  leguminous  pod  with  faint  depresvsions  corresponding  to  the 
places  occupied  by  the  seeds.  The  outer  surface  is  represented  as 
uniform  and  unmarked.  The  specimen  itself  does  not  show  any  evi- 
dence of  the  presence  of  seeds,  and  the  outer  surface  is  strongly 
marked  with  close  parallel  lines  which  are  oblique  to  the  long  direction 
and  which  completely  cross  it  from  side  to  side.  I  do  not  understand 
this  structure,  and  while  it  may  represent  a  small  pod  it  is  hardly 
probable  that  it  is  a  Cassia. 

Locality. — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  No.  7093). 

Family  SIMARUBACE.E. 
A1LANTHU8  OVATA  Lesq. 

AiLANTHUs  OVATA  Leeq.,  Cret.  and  Tert.  Fl.,  p.  254,  PI.  LI,  figs.  7,  8,  1883. 

The  type  specimens  only  are  known.  I  have  examined  these  speci- 
mens, both  being  preserved  on  the  same  piece  of  matrix.  The  figure 
of  the  branch  shows  the  buds  much  clearer  than  they  appear  on  the 
specimen,  but  it  is  perhaps  correctly  referred.     The  samaras  are 
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described  by  Lcsquereux  as  being  rounded  at  one  end  and  acute  at 
the  Other.  An  examination  shows  that  the  bluntness  descrilK?d  is  due 
to  the  ends  of  one  or  two  l)eing  broken  or  cx^vered  by  matrix,  while  in 
one  well  preserved  l)oth  ends  are  similar  and  aeute. 

Locality, — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
C.  D.  Voy.     (Types  in  Mus.  Univ.  Cal.,  Nos.  1765,  1766.) 

Family  ANACARDIACE^. 

Rhus  Bendirei  Lesq. 
Rhus  Benbirki  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  15,  PI.  IX,  fig.  2,  1888. 

The  type  material  consisted  of  the  example  figured  and  another 
specimen  with  its  counterpart.  The  figured  specimen,  it  will  be 
noted,  is  oblanceolate  in  shape,  about  10.5  cm.  in  length,  3.5  cm.  in 
width  at  the  broadest  point,  and  is  narrowly  wedge-shaped  below  and 
acuminate  above.  Lesquereux  regarded  this  as  the  terminal  leaflet 
and  decided  that  the  other  specimen  represented  a  lateral  leaflet  of 
the  same  species.  Of  this  latter  he  says:  "'To  this  I  refer  a  small, 
oblong-lanceolate  leaflet,  rounded  in  narrowing  rapidly  to  the  point 
of  attachment,  very  short-petioled,  and  areolation  identical.''  This 
is  much  smaller,  being  only  6  cm.  in  length  and  2.5  cm.  in  greatest 
width,  and  while  it  looks  at  first  quite  diflferent,  may  belong  to  it. 
The  collection  made  by  Dr.  John  C.  Merriam  in  1900  contains  two 
specimens  like  the  smaller  leaflet. 

Locality, — Van  Horn's  ranch.  South  Fork  of  John  Day  River,  about 
12  miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Collected 
by  Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2582). 

Rhus  ?  sp.  Lesq. 
PI.  XIV,  fig.  6. 

The  original  collection  by  Bendire  contains  a  fragment  of  the  base 
of  a  leaf  or  leaflet  that  was  referred  by  Lesijuereux  to  Rhus,  but  was 
not  included  in  his  published  list  of  species.  It  is  impossible  to  make 
out  the  whole  outline,  but  it  seems  to  have  been  obovate  with  a 
broadly  wedge-shaped,  unequal-sided  base.  The  margin  appears  to 
have  been  provided  with  small,  sharp  teeth.  The  nervation  consists  of 
a  comparatively  thick  midrib  and  quite  a  number  of  thin  secondaries, 
those  on  the  broader  side  of  the  blade  being  at  a  right  angle  and  those 
on  the  narrower  side  at  an  angle  of  about  40^.  They  are  apparently 
camptodrome. 

It  is  clearly  unsafe  to  attempt  comparisons  }>etween  this  specimen 
and  other  known  species. 

Locality, — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  ])y  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  8550). 
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Family  CELASTRACE^]. 

CeLASTKUS    DIGNATl'S    11.  sp. 
PI.  XI,  fig.  5. 

Leaves  membranaceous,  elliptical,  or  slightly  obovate-elliptical  in 
.shape,  truncate,  or  very  obtuse  and  somewhat  unequal-sided  at  base, 
truncate  at  apex;  margin  coarsely  toothed,  the  teeth  obtuse,  upward 
pointing;  petiole  short  and  thick;  midrib  thick;  secondaries  about  10 
pairs,  alternate,  at  a  low  angle,  craspedodrome,  passing  to  the  marginal 
teeth;  nervilles  numerous,  mainly  unbroken,  at  right  angles  to  the 
secondaries;  finer  nervation,  producing  numerous  small,  irregularly 
quadrangular  meshes. 

Several  specimens  represent  this  species,  all  being  of  about  the  same 
size.  They  are  in  general  elliptical-obovate,  very  obtusely  wedge- 
shaped  or  truncate  at  base  and  rounded  at  apex.  They  are  4  (to.  in 
length  and  3  to  3.5  cm.  in  width.  The  petiole,  preserved  in  only  one 
example,  is  5  mm.  long  and  2  mm.  thick  at  the  point  of  attachment. 
The  toothed  margin  and  chaiucteristic  nervation  are  well  shown  in 
the  figures. 

This  species  seems  to  have  some  affinity  with  CetoHtrus  insequaUs 
Knowlton  ^  from  the  Fort  Union  beds  in  the  Yellowstone  National 
Park.  This  differs,  however,  in  being  a  much  larger  leaf,  toothed 
only  above  the  lower  third  of  the  blade,  the  teeth  being  also  more 
obtuse.  The  general  appearance  of  the  two  species,  however,  is 
strikingly  similar. 

Locality, — Mascall  beds.  Van  Horn's  ranch,  about  12  miles  west  of 
Mount  Vernon,  Grant  County,  Oregon.  Collected  by  Knowlton  and 
Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  No.  8539). 

Celastrus  confluens,  n.  sp. 

PI.  II,  figs.  1-3. 

Leaves  membranaceous,  elliptical  in  shape,  wedge-shaped  and  slightly 
unequal-sided  at  base,  obtuse  but  not  truncate  at  apex;  margin  toothed, 
the  teeth  quite  large,  sharp  pointed;  midrib  strong;  secondaries,  about 
twelve  pairs,  mainly  alternate,  at  an  angle  of  about  45^  on  one  side  of 
the  blade  and  nearly  a  right  angle  on  the  other,  camptodrome,  arch- 
ing very  near  the  margin  or  forking  and  sending  branches  to  the 
teeth;  nervilles  and  finer  nervation  as  in  the  last  species. 

This  form  is  represented  by  several  quite  perfect  leaves,  which  may 
possibly  belong  to  the  last  species,  but  they  are  much  larger  and  are 
unaccompanied  by  examples  of  intermediate  size,  so  that  it  has  seemed 
best  to  give  them  tentatively  a  new  name.  The  best  preserved 
example,  which  is  also  the  largest,  is  9  cm.  long  and  5  cm.  wide.    The 


aMon.  U.  S.  C.eol.  Surv.,  Fl.  XCVIII,  lig.  3. 
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Hnmllest  oxainplo  was  apparently  aljout  8  cm.  long  and  is  a  little  (►ver 
4  em.  wide. 

LiK'tdlty.  -Maseall  In^ds,  Van  Horn's  raneh,  about  12  miles  wast  of 
Mount  Vernon,  (imnt  County,  Oregon.  Collected  by  Merriam  and 
Knowlton,  July,  11)01  (U.  S.  Nat.  Mus.,  No.  8578). 

Family  ACERACE.E. 

ACKH   OSMONTI    n.  sp. 

PI.  Xlil,  fi^.  ;i 

Leaf  membmnaceouH,  five-lobed  from  the  top  of  the  petiole,  lower 
pair  of  lobes  small,  at  right  anglcvS  to  the  midrib,  other  pair  large,  at 
an  angle  of  45*^  with  the  midrib;  centml  lol>e  evidently  largest  of  all 
(mainly  destroyed);  all  lol)es  irregularly  toothed  and  lobed,  the  lol^es 
sharij  pointed;  petiole  very  long  and  strong;  nei*vation  palmately 
five-ribbed,  the  ribs  ending  in  the  main  lobes,  each  with  sevei'al  pairs 
of  alternate  secondaries  which  emerge  at  an  acute  angle  and  terminate 
in  the  teeth  of  small  lateral  lobes;  ner\Mlles  numerous,  rather  thin, 
mainly  percurrent  and  crossing  approximately  at  right  angles  to  the 
secondaries;  finer  nervation  producing  rather  large  areola;. 

The  genus  Acer  seems  to  be  quite  rare  in  the  Bridge  Creek  l>eds, 
although  abundantly  represented  in  the  Mascall  beds  at  Van  Horn's 
ranch  and  vicinity.  All  that  I  have  thus  far  seen  is  the  leaf  here 
d(^scri})ed,  a  fragment  of  another,  and  less  than  half  a  dozen  fruits. 
The  one  under  consideration  lacks  the  major  portion  of  the  central 
lobe  and  the  terminal  portion  of  one  of  the  large  lateral  lol>es.  It 
spreads  about  8  cm.  between  the  i)oints  of  the  lower  lobes  and  about 
11  cm.  l>etween  the  points  of  the  larger  lobes.  The  length  of  the  leaf 
can  not  be  determined,  but  it  can  hardly  have  l)een  less  than  9  or  10  cm. 
'Hie  petiole,  very  thick  and  stout  for  the  size  of  the  blade,  has  4  cm. 
of  its  length  retained  and  was  evidently  somewhat  longer. 

This  leaf  has  a  very  modern  appearance,  much  more  so,  in  fact, 
than  the  forms  found  in  the  Mascall  beds.  It  suggests  at  once  the 
sugar  mapK^  {Arrr  mirhannn  Marshall)  of  the  East  and  is  not  greatly 
unlike  small  leaves  of  A.  macrophyUum  Pursh,  the  common  maple  of 
the  west  coast. 

This  spiH'ies  is  named  in  honor  of  Mr.  V.  C.  Osmont,  of  the  Univer- 
sity of  California,  who  collected  it. 

LovitlUij.-  Bridge  Creek,  Oregon.  Collected  by  Merriam's  party 
in  11M)0.  (Tyiw  in  Mus.  Univ.  Cal.,  No.  2505.)  The  fragmentary  leaf 
above  divMcribed  is  No.  8488  in  the  U.  S.  Nat.  Mu;*.  It  was  collected 
by  Condon. 
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AcERsp.,  Knowlton. 
PI.  XIII,  figs.  1,2. 

Acer  sp.,  Knowlton,  in  Merriam,  Univ.  C'al.,  Bull.  Dept  Geol.,  Vol.  II,  No.  9,  p. 
289,  1901. 

A  fragment  of  a  small,  three-lobed  leaf  showing  a  portion  of  the 
base,  one  lateral  lobe,  and  a  part  of  the  central  lobe.  The  length 
appears  to  have  been  about  5  cm.  and  the  width  between  the  lobes 
about  5.5  cm.     It  is  coarsely  toothed. 

Another  fragment  from  the  same  lomlity  has  the  Imse  with  a  short 
portion  of  the  i)etiole  preserved.  It  appears  to  l>e  the  same  as  the 
other. 

Lipccdlty — One  and  one-half  miles  east  of  Clarnos  Ferry.  Collected 
by  Merriam's  expedition  of  1900.  Types  in  Mus.  Univ.  Cal.  Nos. 
9iM),  932. 

Acer  Bendirei  Lesq. 

Acer  Bkxdirei  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  14,  PI.  V,  fig.  5;  PI.  VI,  fig. 

1;  PI.  VII,  fig.  1;  PI.  VIII,  fig.  1,  1888. 
Acer  triUihiiinm  produrfum  (Al.  Br.)  Heer.  Lesquereux,  Cret.  and  Tert.  Fl.,  p.  253, 

PI.  LIX,  figs.  1,  2,  4  (non  fig.  3,  which  is  Platanus  dissecta  Lesci. ). 

This  species,  as  may  be  seen  from  the  above  synonymy,  was  fii-st 
regarded  by  Lesquereux  as  referable  to  the  European  .1.  trUohatum 
prfHliu'tuiii^  but  later  was  raised  to  full  specific  rank.  This  name  was 
also  applied  to  several  leaves  from  Carbon,  Wyoming,"  })ut  they  are 
clearly  not  the  same  as  those  under  consideration.  In  the  Cretaceous 
and  Tertiary  Floras  (p.  253),  Lesquereux  records  the  specimens  under 
discussion  as  coming  from  ''Currant  Creek,  John  Day  Valley,  Oregon." 
This  is  in  error,  as  the  types  are  preserved  in  the  paleontological 
collection  of  the  University  of  California  (Nos.  1797,  1797a,  1797b), 
and  are  seen  at  once  to  have  come  from  Van  Horn's  ranch.  They 
are  in  the  characteristic  white  volcanic  tuff,  and  not  the  hard,  brownish 
matrix  of  the  Current  Creek  deposits.* 

Lf)cality. — Van  Horn's  ranch,  South  Fork  of  John  Day  River,  12 
miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Original  mate- 
rial collected  by  C.  D.  Voy  al)out  1870  (Mus.  Univ.  Cal.,  Nos.  1797, 
1797a,  1797b);  since  collected  by  Maj.  Charles  E.  Bendire  (U.  S.  Nat. 
Mus.,  No.  2413),  Dr.  John  C.  Merriam  (Mus.  Univ.  Cal.,  Nos.  850, 
851),  and  F.  H.  Knowlton  (U.  S.  Nat.  Mus.,  Nos.  8940-8948). 

aTert.  Fl.,  p.  261,  PI.  XLVIII,  figs.  2.  3a,  1878. 

bOn  PI.  LIX  of  ihc  Cretaceoufland  Tertiary  Floras,  Lesquereux  gives  four  figures  which  he  refers  to 
Acer  trilobatum  prodactum  (now  A.  Bendirei),  and  all  the  specimens  are  said  to  be  from  the  same 
locality,  namely,  *' Currant  Creek,  Oregon."  This  is  in  error  in  regard  to  fig.  8,  the  original  of  which 
is  preserved  with  the  others  in  the  Paleontological  Collection  of  the  University  of  Califomia.(No.  1836) . 
This  fragment  was  found  to  fit  into  and  form  a  part  of  the  same  individual  that  is  figured  in  ihe 
Anrifcrous gravel  flora  (PI.  V,  fig.  3)  under  the  name  of  Aralia  Zaddachif  Heer.  And  further  It  wtis 
foimd  that  when  so  fllltHi  together  they  prtKluee  a  leaf  that  must  be  referred  to  PkUanus  dissecta. 
The  locahty,  plainly  marked  on  the  back  of  each  fragment,  is  Table  Mountain,  California. 
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AcvM  DiMORPHUM  Lesq. 

Acer  DiMOKniiM  r^s<j.,  TVoc.  V.  S.  Nat.  Mu8.,  Vol.  XI,  p.  15,  PI.  IX,  fig.  1,  1888. 

Locality.  —Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  2415). 

Acer  Merriami  n.  sp. 

PI.  XIV,  fig.  7. 

AcKR  n.  pp.,  Knowlton  in  Merriain,  Univ.  Cal.,  Bull.  Pept.  Oeol.,  Vol.  II,  No.  9, 
p.  309,  1901. 

Leaf  coriaceous  in  texture,  palmately  deeply  three  lobed,  the  lobes 
broad,  roughly  ovate  in  shaj^e,  of  approximately  the  same  size,  lateral 
lobes  at  a  low  angle  with  the  central  lobe;  all  margin  coarsely  and 
irregularly  toothed,  being  provided  with  low,  irregular,  mostly  sharp- 
pointed  teeth;  petiole  long,  very  thick;  midrib  thick,  with  six  or  more 
pairs  of  alternate,  strong  secondaries  which  end  in  the  large  teeth  of 
the  central  lobe,  and  have  smaller  branches  which  piuss  to  other  mar- 
ginal teeth;  lateral  ribs  nearly  as  strong  as  the  midrib,  at  a  low  angle, 
each  with  about  seven  pairs  of  alternate  secondaries  passing  to  the 
large  teeth,  and  those  on  the  lower  side  especially  with  short  branches, 
which  end  in  marginal  teeth;  nervilles  numerous,  thin,  mainl}^  percur- 
rent  and  at  right  angles  to  the  secondaries;  finer  nervation  forming  a 
rather  coarse,  irregularly  quadrangular  network. 

The  example  figured  is  the  only  one  that  has  thus  far  been  found. 
It  is  a  large,  deeply  three-lol>ed  leaf  about  12  cm.  long,  exclusive  of 
the  petiole  (of  which  2.5  cm.  in  length  is  preserved),  and  about  14  cm. 
broad.  All  three  lobes  are  of  approximately  the  same  size,  and  all 
are  irregularly  toothed,  the  margin  being  provided  with  low,  sharp- 
pointed  teeth.     The  nervation  is  beautifully  preserved. 

Maples  are  abundant  in  these  beds,  and  many  leaves,  fruits,  and 
branches  have  been  obtained.  The  leaf  under  consideration  is  markedly 
different  from  Acer  Bmdlrei^  which  is  perhaps  the  most  abundant 
species  present,  but  may  possibly  be  a  very  broad,  coarsely  toothed 
form  of  A.  dhnorphmn.  The  latter  species  is  described  by  its  author 
as  being  prolonged  at  base  into  two  small  lobes  which  open  like  wings 
on  each  side  of  the  midrib.  The  lateral  ribs,  therefore,  arise  at  some 
distance  above  the  top  of  the  petiole  in  the  broad,  basal  portion  of  the 
blade.  In  the  leaf  before  me  there  is  no  indication  of  the  basal  lobes 
that  are  so  conspiuous  in  A,  dlmorphum^  and  the  ribs  appear  to  arise 
at  the  top  of  the  petiole  and  at  the  very  base  of  the  blade.  Further, 
the  lobes  are  doubly  dentate — that  is,  have  large,  irregular  teeth  or 
lobes,  the  margins  of  which  are  provided  with  low  teeth.  Therefore 
it  seems  most  logical  to  regard  them  as  distinct,  at  least  for  the  present. 
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Thin  speo'ies  is  not  greatly  unlike  some  forms  of  Ar^^r  tn'lohatum 
trleimj^i datum  Heer^'  of  the  Swiss  Miocene. 

I  take  gre^t  pleasure  in  naming  this  species  in  honor  of  Dr.  John  C. 
Merriam,  who  has  done  so  much  for  the  paleontology  of  this  region. 

Locality . — Van  Horn's  ranch,  South  Fork  of  John  Day  River,  about 
12  miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Collected 
by  Merriam's  expedition  of  1900.     (Type  in  Mus.  Univ.  Cal.,  No.  869.) 

AcEK,  branches  of  ? 
Acer,  branches  of?    Lesquereux,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  15,  1888. 

A  number  of  branches  supposed  to  belong  to  some  species  of  Acer, 
but  it  is  quite  impossible  to  determine  which  one. 

Lfjcallty. — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bendire  (U.  S. 
Nat.  Mu8.,  No.  2418). 

Acer  oregontanum  n.  sp. 

PL  XIII,  fig.  5-8. 

Acer,  fruite  of,  Lesquereux,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  15,  PL  VI,  figs  2,  3, 
1888. 

Fruits  long  and  broad-winged,  the  wing  being  evidently  very  thick 
and  provided  with  numerous  strong  veins;  nucleus  large,  round,  show- 
ing broad  truncation  where  attached  to  the  sister  fruit. 

This  form  is  so  very  abundant  in  all  collections  from  these  beds  and 
admits  so  readily  of  separation  that  I  have  ventured  to  give  it  a  name. 
It  of  course  represents  the  fruit  of  one  of  the  species  founded  on 
leaves  that  are  also  abundant  in  all  collections,  but  thus  far  no  fruit 
has  been  found  attached  to  or  even  approximate  to  a  leaf,  and  until 
so  found  it  is  more  convenient  to  be  able  to  refer  to  the  fruits 
independently. 

These  fruits  are,  with  the  exception  of  that  of  Acer  gigas  (supra,  p. 
76),  the  largest  ones  found  in  these  beds.  They  range  in  length  from 
3.5  to  4.5  cm.  The  wing  is  unusually  broad,  being  not  infrequently 
1.75  cm.  wide.  It  is  filled  with  numerous  strong  veins,  which  are  given 
off  from  the  axis  of  the  fruit  in  groups  or  bundles. 

As  Lesquereux  has  well  suggested,  these  fruits  most  closely  resem- 
ble those  of  the  living  Acer  inacrophyVinn  Pursh,  the  large-leaved 
maple  so  common  on  the  Pacific  coast;  in  fact,  they  are  hardly  to  be 
distinguished. 

Locality. — ^Abundant  in  Mascall  beds  at  Van  Horn's  ranch  and 
vicinity.  All  collectors  have  obtained  it.  Types  of  Lesquereux's  fig- 
ures in  U.  S.  Nat.  Mus.,  No.  2417.  Types  of  figures  in  this  paper 
collected  by  Knowlton  and  Merriam,  July,  11)01,  in  U.  S.  Nat.  Mus., 
Nos.  8494-8497. 


aFl.  Tert.  Helv..  Vol.  Ill,  PI.  CXII,  fig.  3. 

Digitized  by 


Google 


76        FOSSIL    FLORA    OF   THE   JOHN    DAY    BASIN,  OREGON.      [bi'll.201. 

ACKR  MKDIANUM  n.  sp. 

PI.  XIV,  i\i^,  4,  5. 

Fruit  large,  lanreolate  in  shape;  wing  relatively  narrow,  filled  with 
thin  veins;  nucleus  round  or  oblong,  the  scar  of  attachment  to  its  sister 
fruit  very  oblique. 

This  provisional  species  is  represented  by  the  two  examples  figured. 
The  smaller  is  4.25  cm.  long  and  has  the  wing  1  cm.  wide;  the  other  is 
4.75  cm.  long  and  has  a  wing  1.25  cm.  wide. 

It  is  possible  that  there  are  merely  very  large  fruits  of  the  following 
species,  as  they  are  of  approximately  the  same  shape,  but  there  are  no 
intermediaU^  specimens,  and  I  have  preferred  to  keep  them  separate 
for  the  present. 

Ijfcallty, — Figure  4,  the  smaller,  is  from  the  original  Van  Horn's 
ranch  locality;  the  other  is  from  the  white  hill,  one-half  mile  east  of 
the  first  locality.  Collected  by  Knowlton  and  Merriam,  July,  1901 
(U.  S.  Nat.  Mus.,  Nos.  841^S,  8499). 

Acer  minor  n.  sp. 
PI.  XIV,  lip*.  2,  3. 

Acer,  fruite  of,  I^esquereiix,  Proc.  U.  S.  Nat.  Miih.,  Vol.  XI,  p.  15,  PI.  VII,  fig.  2, 

1888. 

Fruits  of  small  size,  similar  in  shapi^  to  the  preceding  s[)ecies; 
length,  2.5  cm.,  width  of  wing,  8  mm. 

As  already  stated,  this  may  be  the  same  as  the  preceding  form,  but 
the  specimens  are  so  much  smaller,  and  moreover,  as  there  are  no 
intermediate  specimens,  it  has  seemed  best  to  regard  them  as  distinct. 

Inasmuch  as  three  species  have  })een  differentiated  in  these  beds, 
based  on  leaves,  it  is  natural  to  suppose  that  the  fruits  might  also 
show  differences.  In  an}'  case  it  would  seem  easy  to  recognize  the 
three  forms  of  fruits  here  descril)ed. 

Locality, — White  hill  one-half  mile  east  of  original  Van  Horn's 
ranch  locality,  (xrant  County,  Oregon.  Collected  by  Knowlton  and 
Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  Nos.  8500,  8501). 

Acer  GIOA8  n.  sp. 
PI.  XIV,  %.  1. 

Fruit  of  enormous  size,  very  narrow;  wing  of  nearly  similar  width 
throughout,  filled  with  numerous  but  rather  fine  veins;  nucleus  very 
large,  elliptical  in  shape. 

This  fine  species  is  represented  thus  far  })}'  the  single  example 
figured,  with  its  counterpart.  It  is  a  very  long,  narrow  fruit,  9.5  cm. 
in  length  and  only  about  1.5  cm.  in  width.  The  nucleus  or  see<l 
proper  is  large,  being  2  cm.  in  long,  and  nearly  1  cm.  in  short,  diameter. 
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The  .scar  where  it  wa,s  attached  to  its  nister  fruit  is  obli(|ue  and  vei*y 
long. 

I  know  nothing  either  living  or  fossil  to  which  this  fruit  can  be 
compared. 

L(K'ality. — Gulch  1  mile  northeast  of  Belshaw's  mnch,  Gmnt 
County.  Oregon.  Collected  by  Knowlton  and  Merriam,  July,  1901 
(U.  S.  Nat.  Mus.,  No.  8502). 

RULAC  CHATJE(;iFOLIUM  U.  sp. 
PI.  XVI,  fig.  7. 

Leaf  coriaceous,  trifoliolate  or  very  deeply  three-lobed,  lateral  leaf- 
let (or  lobe)  roughly  ovate-lanceolate  in  shape,  irregularly,  deeply 
cut  into  toothed  lobes  or  large  teeth  near  the  apex,  wedge-shaped  at 
base,  acuminate  at  apex;  middle  leaflet  (or  lobe)  much  smaller  than 
the  latei'al  ones,  narrowly  ovate-lanceolate,  long,  wedge-shaped  below, 
very  acuminate  at  apex,  margin  coarsely  toothed;  nervation  of  leaf- 
lets (or  lobes)  consisting  of  a  strong  midrib  and  seveml  pairs  of  alter- 
nate rather  thin  secondaries  which  end  in  the  lobes  or  teeth;  finer 
nervation  not  preserved. 

This  species  is  represented  only  by  the  specimen  figured,  and  this 
unfortunately  is  not  sufficiently  well  preserved  fully  to  reveal  its 
character.  It  is  presumably  trifoliolate,  but  may  be  onl}^  deeply 
three-lobed.  The  larger  leaflet  is  assumed  from  its  position  to  be  a 
lateral  one,  the  middle  one  being  much  smaller.  This  lateral  leaflet 
is  5.5  cm.  in  length,  and  2.75  cm.  in  width  between  the  larger  lobes. 
The  centml  leaflet  is  4  cm.  long  and  1.25  cm.  in  width.  Both  are 
sessile. 

Owing  to  the  poor  state  of  preservation  it  is  not  possible  to  fix  the 
position  of  this  leaf  with  certainty.  In  most  trifoliolate  leaves,  if  the 
leaflets  differ  in  size,  the  middle  one  is  usually  the  larger.  In  this 
case  the  larger  leaflet  of  our  specimen  is  the  lateral  one,  and  it  is 
assumed  to  be  lateral  because  it  curves  away  from  the  smaller  one  and 
has  a  cun^ed  midrib,  whereas  the  smaller  one  is  erect  and  has  a  straight 
midrib. 

With  the  limitations  set  by  the  imperfections  of  the  specimen  it  is 
perhaps  unwise  to  attempt  comparisons  between  it  and  described  forms, 
yet  a  few  of  these  may  be  suggested.  Thus  the  larger  leaflet  is  not 
greatly  unlike  CratmgxtH  a<:erlfolla  Lesq.,^  from  Florissant,  Colorado, 
which  itself  is  probably  the  same  as  a  part  at  least  of  the  leaves 
described  as  Myrlca  (1iveT><!folla  Lesq.,*  from  the  same  locality.  These 
are  all  long  petioled,  showing  them  to  be  leaves  and  not  leaflets, 
whereas  ours  is  sessile,  showing  that  it  is  probably  a  leaflet. 

«r('rtn.  and  Tort.  Fl.,  p.  198,  IM.  XXXVI,  fig.  10.  bldem,  p.  146,  PI.  XXV,  figs.  6-15. 
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If  we  assume  the  larger  leaflet  to  be  the  central  one  of  a  trifoliolate 
leaf,  it  certainly  suggests  one  of  the  specimens  described  by  Lesque- 
reux  as  Rhn^  llillii^^^  also  from  Florissant.  However,  the  other  speci- 
mens classed  with  this  one  make  it  extremely  improbable  that  ours 
is  the  same.  I  have,  therefore,  assumed  that  it  belongs  to  Rulac  (for- 
merly Negundo),  the  well-known  box  elder,  but  it  must  remain  for 
future  collections  to  settle  the  question. 

Locality, — Van  Horn's  i*anch,  about  12  miles  west  of  Mount  Vernon, 
Gmnt  County,  Oregon.  Collected  by  Knowlton  and  Merriam,  July, 
1901  (U.  S.  Nat.  Mus.,  No.  8533). 

Family  HIPPOCASTANACEiE. 

^SCULUS   8IMULATA   n.   Sp. 
PI.  XV,  figs.  1,  2. 

Leaflets  rather  membranaceous  in  texture,  broadly  obovate-lanceolate 
in  shape,  somewhat  unequal-sided,  long,  wedge-shaped  at  base,  rather 
abruptly  rounded  above  to  an  apparently  accuminate  apex;  margin 
minutely  and  regularly  serrate  throughout  except  for  a  short  distance 
just  alove  the  base;  midrib  very  thick;  secondaries  numerous,  about 
15  pairs,  alternate,  close,  mainly  parallel,  forking  or  breaking  up  into 
two  or  three  branches  near  the  margin  and  ending  in  the  teeth,  occa- 
sionally camptodrome,  with  fine  bmnches  on  the  outside  which  enter 
the  teeth;  nervilles  numerous,  thin,  mainly  percurrent,  oblique  to  the 
secondaries;  finer  nervation  producing  minute  irregular  areolae. 

This  fine  species  is  represented  by  several  examples,  two  of  the  best 
being  figured.  As  all  are  separate  leaflets,  it  is  impossible  to  deter- 
mine their  arrangement.  They  are  short-petioled  if  not  quite  sessile. 
The  smaller  of  the  figured  specimens  has  6  cm.  of  its  length  preserved 
and  was  proba})l3'  between  8  and  9  cm.  long  when  perfect.  It  is  4  cm. 
wide.  The  larger  specimen  has  above  9  cm.  of  its  length  preserved 
and  is  6  cm.  wide.     The  entire  length  was  probably  about  15  cm. 

This  species  seems  very  close,  indeed,  to  both  ^Escidus  octandra  and 
^.  gliibra^  well-known  living  species  of  the  eastern  United  States. 

Locality, — White  hill  one-half  mile  east  of  original  Van  Horn's 
ranch  locality.  Collected  by  Knowlton  and  Merriam,  July,  1901  (U.  S. 
Nat.  Mus.,  Nos.  8519,  8520). 

Family  SAPINDACE^]. 

Sapindus  Merriami  n.  sp. 
PI.  IX,  fig.  5. 

Coriaceous  in  texture,  leaflets  ovate  in  shape,  obtusely  wedge-shaped 
at  base,  obtuse  at  apex,  alternate  on  the  rachis;  margin  entire;  midrib 

aCret.  and  Tert.  Fl.,  p.  194,  PI.  XU.,  fig.  14  only. 
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thin,  straight;  secondaries  few,  thin,  alternate;  finer  ner\ation  not 
preserved. 

The  single  example  figured  is  all  that  (»an  with  certainty  be  referred 
to  this  form.  It  consists  of  a  portion  of  the  upper  part  of  a  rachis 
with  two  leaflets,  neither  of  which  is  the  terminal  one.  The  lateral 
ones  are  alternate  and  obtusely  ovate  in  shape. 

This  species  resembles  certain  of  the  smaller  examples  referred  to 
S.  obfu»i/olius  Ijesq.,^  and  may  possibly  be  this,  but  it  is  smaller  and 
has  a  thinner  secondary  nervation. 

Locality, — Bridge  Creek,  Oregon.  Collected  for  the  University  of 
California.     Type  in  Mus.  Univ.  Cal.,  No.  2506. 

Sapindus  obtusifolius  Lesq. 

Sapindcs  oBTi'siPOLius  Lcsq.,  Tert.  Fl.,  p.  266,  PI.  XLIX,  figs.  10,  11,  1878;  Cret. 
and  Tert.  Fl.,  p.  235,  PI.  XLVIII,  figs.  5-7,  1883. 

A  single  example  that  seems  to  belong  to  this  somewhat  variable 
species.  It  is  more  like  the  examples  figured  from  the  Green  River 
group,  having  the  narrow  shape,  thick  midrib,  and  very  short  petiole 
of  those. 

Dpcality. — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Merriam's  expedition  of  1900 
(Mus.  Univ.  Cal.,  No.  892). 

Sapindus  angustifolius?  Lesq. 

Sapindus  anouhti Fours  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  15,  1888. 

The  single  example  referred  by  Lesquereux  to  this  species  remains 
unique.  I  should  incline  to  place  it  in  Salix,  yet,  as  it  is  obscurely 
preserved,  I  have  permitted  it  to  remain  as  above,  but  have  questioned 
the  correctness  of  the  reference. 

Locality. — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Maj.  ('harles  E.  Bendire  (U.  S. 
Nat.  Mus.,  No.  2598). 

Sapindus  okeoonianus  n.  sp. 

PI.  XV,  fig.  3. 

Lieaflet  coriaceous  in  texture,  elliptical  or  elliptical-obovate,  very 
unequal-sided  8t  base,  apex  destroyed;  margin  perfectly  entire;  petiole 
short,  thick;  midrib  very  thick;  secondaries  thin,  about  twelve  pairs, 
emerging  at  a  low  angle,  parallel,  camptodrome,  each  arching  and 
joining  the  one  next  above;  nervilles  very  irregular,  producing  large 
areas  between  the  secondaries,  which  are  filled  by  the  very  fine  ulti- 
mate nervation. 


a  Tert.  Fl.,  p.  266,  PI.  XLlX,  figs.  8-11,  1878. 
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The  only  specimen  referred  to  this  specii>8  lac»ks  the  upper  }x)rtion. 
It  appears  to  have  been  about  5  cm.  in  length  and  nearly  3  cm.  in 
width,  with  a  petiole  4  mm.  long.  The  nerv  ation  is  well  shown  in  the 
figure. 

1  at  first  inclined  to  refer  this  to  Sapuulus  ohtn»ifolluH  I^esq.,^  which 
has  been  found  southeast  of  Green  River  station,  Wyoming,  in  beds 
supposed  to  be  "  Washakie"  in  age,  and  also  in  the  Fort  Union  beds 
of  Montana  and  North  Dakota.  It  has  about  the  same  size  and  shape, 
although  perhaps  rather  elliptical  than  ovate.  The  principal  differ- 
ence is  in  the  secondaries,  these  being  more  numerous  at  a  lower  angle 
of  divergence  and  less  curved  upward.  The  disposition  of  the  nervilles 
is  much  the  same  in  both.  However,  these  two  species  are  close,  and 
possibly  a  series  of  specimens  would  show  them  to  be  identical. 

Locality, — Mascall  beds,  Van  Horn's  ranch,  about  12  miles  west  of 
Mount  Vernon,  Grant  Count}^,  Oregon.  Collected  by  Knowlton  and 
Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  No.  8538). 

Family  •RHAMNACE^]. 
Rhamnus  Cleburni?  Lesq. 
RHAMirrB  Cleburni  Lesq,,  Tert.  Fl.,  p.  280,  PI.  LIU,  figs.  1-3,  1878. 

The  collections  made  by  Merriam's  expedition  contain  a  single 
broken  specimen  that  may  belong  to  this  species,  but  it  is  only  the 
upper  portion  of  the  blade,  and  it  is  impossible  to  identify  this  speci- 
men with  certainty  in  the  absence  of  the  basal  portion.  It  seems  to  be 
this  species,  however. 

Locality, — Cherry  Creek,  Cook  County,  Oregon.  Collected  by 
Merriam's  expedition  in  IJ^OO  (Mus.  Univ.  Cal.,  No.  180). 

Rhamnus  Eridani  Unger. 

RuAMNrs  P^RiDANi  Unger.  Newl)erry,  Later  Extinct  Floras,  p.  118,  PI.  XLVIII, 
fig.  7,  1898. 

Locality,— ^^v\Ag^  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  No.  9103). 

Family  TILIACE.E. 
Grewia  crenata  (Unger)  Heer. 

Grewia  crenata  (Unger)  Heer,  Fl.  Tert.  Helv.,  Vol.  Ill,  p.  42,  PI.  CIX,  figs.  12-21; 
PI.  CX,  figs.  1-11,  ia59;  Ward,  Tyi>e8  of  the  Laramie  Flora,  p.  85,  PI.  XXXIX, 
fig.  1, 1887;  Newberry,  I^ter  Extinct  Floras,  p.  120,  PI.  XLVI,  fig.  2;  PI.  XLVII, 
figs.  2,  3,  1898  (1899). 

Palinnis  colomhi  Heer.     Lesquereux,  Pro<'.  I^  8.  Nat.  Mus.,  Vol.  XI,  p.  16,  1888. 

Gretrla  crmata  was  first  found  in  tliis  area  at  Bridge  Creek,  and 
the  specimens  figured  by  Newberry,  as  well  as  a  number  of  othei^s 

"Tert.  Fl.,  p.  2IJ6,  PI.  XLIX,  figs.  H-11,  l.sTS. 
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since  obtained,  are  before  me.  They  not  only  agree  among  theninelves 
but  quite  closely,  indeed,  with  the  figures  of  this  species  given  by  Heer. 
There  can  be  no  reasonable  doubt  as  to  their  identity. 

A  number  of  specimens  have  been  found  in  the  Mascall  beds  at  Van 
Horn's  ranch  and  vicinity  that  must  also  l>e  referred  to  Q-rewlii  ere- 
nata.  The  single  example  referred  by  Lesquereux  to  Pallurus 
cdlomhi  probably  belongs  here,  although  it  is  v^ery  much  like  certain 
forms  of  Popular  Zadduehi  from  the  Auriferous  gravels  of  California. 
The  leaves,  three  in  number,  from  the  Mascall  beds  are  a  little  nar- 
rower than  those  from  Bridge  Creek,  and  are  somewhat  more  deeply 
cordate  or  auriculate  at  base,  but  the  differences  are  not  sufficient  to 
warrant  separating  them. 

Locality. — Bridge  Creek,  Oregon.  ColJected  by  Rev.  Thomas 
Condon  (U.  S.  Nat.  Mus.,  Nos.  7077,  7078,  7079)  andMaj.  Charles  E. 
Bendire  (U.  S.  Nat.  Mus.,  No.  9582).  Mascall  beds.  Van  Horn's  ranch 
and  vicinity.  Collected  by  Major  Bendire  (U.  S.  Nat.  Mus.,  No.  2542) 
and  by  Knowlton  and  Merriam  July,  1901  (U.  S.  Nat.  Mus.,  Nos. 
8990,  8991). 

Grewia  auriculata  Les(i. 

Grewia  AURiciTLATA  LesQ.,  Cret.  and  Tert.  Fl.,  p.  252,  PL  LV,  fig.  1,  1883. 

This  species  appears  to  rest  on  the  single  example  figured  as  the 
type.  None  of  the  recent  collections  contain  it,  although  there  are  a 
number  of  specimens  of  G,  crenata. 

The  type  of  G.  auriculata  ^ov\^  be  in  the  University  of  California, 
but  it  can  not  now  be  found.  If  it  has  been  correctly  figured  it  seems 
to  be  very  different  from  the  other  leaves  of  Grewia  found  in  the  same 
beds,  although  it  may  be  onl}^  an  abnormal  form  of  that  species. 

ZocYz/Z^y.— Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon. 

Family  ARALIACE^. 
Aralia  DiGiTATA  Ward. 

Abalia  digit at^  Ward.     Ijcsquereux,  PrcK*.  U.  S.  Nat.  Mus.,  Vol.  XT,  p.  20,  PI.  XI, 
fig.  4, 1888. 

Locality,— Chivvy  Creek,  Crook  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2424). 

Aralia  sp.  ? 

Aralianoiata  lAsm\.,  Vnw.  U.  S.  Nat.  Mils.,  Vol.  XI,  p.  20,  1S8H. 

The  collection  contains  the  example  referred  to  Aralia  notata  by 
Lesquereux  and  a  fragment  of  the  base  of  another.     There  is  hardly 
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Bufficieiit  data  to  warrant  placing  them  in  this  species,  and  until  further 
material  can  be  obtained  it  seems  best  to  leave  them  as  above  indicated. 
Locah'tt/,— Cherry  Creek,  Crook  County,  Oregon.     Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nal.  Mus.,  Nos.  2426,  2430). 

Aralia  i  sp.  Knowlton. 

PI.  XVI,  fig.  8. 

Aralia  ?8p.,  Knowlton  in  Merriaui,  Univ.  Cal.,  Bull.  I)ept.  Geol.,  Vol.  II,  No.  9,  p. 
289,  1901. 

A  fragment  of  what  appears  to  be  the  upper  part  of  a  lobe  of  an 
Aralia.  It  has  an  entire  margin  and  alternate,  much  curved,  rather 
thin  secondaries. 

This  may  be  the  upper  portion  of  a  single  leaf  like  Juglans,  but  on 
the  slab  appears  more  like  Aralia  If  this  latter  view  be  true,  its 
form  can  only  be  conjectured. 

Locality, — ^Three  miles  above  Clarnos  Ferry.  Collected  by  Mcr- 
riam's  expedition  of  1900  (Mus.  Univ.  Cal.,  No.  912). 

Aralia  sp.,  Knowlton. 

Plate  XV,  fig.  4. 

Aralia  Fp.,  Knowlton  in  Merriam,  Univ.  Cal.,  Bull.  Dept.  Geol.,  Vol.  II,  No.  9, 
p.  289,  1901. 

The  fragmentary  upper  portion  of  a  large  leaf,  showing  portions  of 
three  lobes.  The  lobes  are  some  5  or  6  cm.  in  length  and  about  3  cm. 
in  width.     They  appear  to  be  without  teeth. 

It  is  impossible  to  tell  from  this  fragment  what  it  is.  It  may  be 
the  upper  portion  of  a  modemte  sized  leaf  of  Aralia  Whltyieyl  Lesq. 

Locality. — Three  miles  above  Clarnos  Ferry.  (>)llected  by  Merri- 
am\s  expedition  of  1900  (Mus.  Univ.  Cal.,  No.  913). 

Aralia  Whitneyi?  Lesq. 

Arama  Whitneyi  Lew^,  Fohh.  PI.  Aurif.  Gravel,  p.  20,  PI.  V,  fig.  1,  1878;  Ptik-.  V,  S. 
Nat.  Mu8.,  Vol.  XI,  p.  16,  1888. 

The  early  collection  from  Van  Horn's  ranch  contained  a  single 
example  that  Lesquereux  referred  with  some  doubt  to  this  specias, 
and  the  later  collection  also  contains  a  single  specimen  which  I  assume 
to  l>elong  here.  It  is  a  smaller  leaf  than  the  figured  type,  which  is 
itself  nuich  smaller  than  the  normal-sized  leaves,  and  naturally  has 
shorter  lobes,  but  it  c^n  hardly  be  anything  else. 

Locality, — Van  Horn's  ranch,  alK)ut  12  miles  west  of  Mount  Vernon, 
Gmnt  County,  Oregon.  Collected  by  Maj.  Charles  E.  Bondire  (U.  S. 
Nat.  Mus.,  No.  2429).  Smaller  specimen  obtained  by  Merriam's  expe^ 
dition  in  1900  (Mus.  Univ.  Cal.,  No.  845). 
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Family  CORNACE^. 

C0RNU8  FEROX?  Unger. 

CoBNrfi  PEBox  Unger.     Lesquereux,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  21,  1888. 

A  single  much-broken  example  is  all  that  was  found.  Its  identifi- 
cation is  extremely  doubtful,  and  is  permitted  to  stand  simply  for  the 
purpose  of  calling  attention  to  the  fact  that  there  is  present  in  these 
beds  a  large  leaf  that,  while  resembling  Commft^ox^  is  of  practically 
unknown  affinity.  For  puiposes  of  correlation  it  is  obviously  of  no 
value. 

Locality. — Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2452). 

Family  ERICACE^.      . 
Andromeda  crassa  Lesq. 
PI.  XVI,  fig.  3. 
Andkomeda  CRA88A  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  16,  1888. 

This  species  has  not  before  been  figured.  It  still  rests  on  the  type 
specimen. 

Ltycality. — Van  Horn's  ranch.  South  Fork  of  John  Day  River,  about 
12  miles  west  of  Mount  Vernon,  Grant  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  8511). 

Family  EBENACE^. 
D108PYRO8  ALASKAXA  Schimper. 

DioepTROs  ALASKAN  A  SchimpCF,  Pal.  V^.,  Vol.  II,  p.  949,  1872. 
Dhifpyrfjs  lancifolia  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  21,  1888. 

Represented  by  the  upper  portions  of  two  leaves  only;  probably 
correctly  identified. 

Localiiy. — Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Maj.  Charles  E.  Bendire.     (U.  S.  Nat.  Mus.,  No.  2461.) 

DIOSPTROS   ELLIPTICA    n.  sp. 

PI.  XVI,  fig.  5. 

Leaf  coriaceous  in  texture,  elliptical  in  shape,  rounded  at  base  to  the 
short  petiole,  very  obtuse  at  apex;  midrib  very  thick;  secondaries 
four  or  five  pairs,  thin,  alternate,  at  an  angle  of  about  45**,  campto- 
drome  arching  and  joining  well  inside  the  margin  with  a  tine  mesh 
outride;  intermediate  secondaries  occasional;  finer  nervation  produc- 
ing an  irregt'lar  network. 
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Of  this  i^pecies  I  have  only  seen  the  leaf  figured.  It  is  ellij)ticral  in 
outline,  very  obtuse  at  apex,  and  rounded  at  base.  It  is  8.25  cm.  in 
length  to  the  petiole,  which  is  less  than  3  mm.  long  and  2  cm.  in  width. 
The  nervation  consists  of  a  very  thick  midrib  and  some  four  or  five 
pairs  of  alternate  thin  secondaries  which  arch  and  join  some  distance 
from  the  margin. 

This  species  has  the  nervation  of  living  American  species  of  Dios- 
pyros,  but  is  more  obtuse  at  apex  than  is  usual  in  these  leaves. 

Locality, — Van  Horn's  ranch,  about  12  mile^s  west  of  Mount  Vernon, 
Grant  County,  Oregon.  Collected  by  Knowlton  and  Merriam,  July, 
1901,  (U.  S.  Nat.  Mus.,  No.  8556). 

Family  OLEACE.E. 
Fraxinus  integrifolia  Newb. 

Fraxincs  iNTKciRiFOLiA  Newl).,  Proc.  U.  S.  Nat.  Mus.,  Vol.  V,  p.  5()9.  18H:V,  l^ater 
i:xtinct  FloraH,  p.  128,  PI.  XLIX,  figs.  1-3,  1898. 

This  species  is  represented  in  all  the  collections  from  Bridge  Creek 
b}^  a  large  number  of  examples  which  agree  exactly  with  Newberry's 
types.  When  the  lower  surface  of  the  leaves  is  exposed  the  nervation 
shows  clearly,  but  when  the  upper  surface  is  the  one  exposed  it  is 
impossible  to  detect  a  trace  of  the  nervation.  This  shows  conclusively 
that  the  leaves  were  very  thick  and  coriaceous.  The  upper  surface  is 
also  minutely  wrinkled,  as  would  be  the  case  with  a  thick,  leathery 
leaf.  From  these  considerations  I  am  inclined  to  doubt  the  correct- 
ness of  referring  them  to  Fraxinus,  but  for  the  present  they  may  be 
so  retained. 

Locality, — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon  (U.  S.  Nat.  Mus.,  Nos.  7002,  7090)  and  Maj. 
Charles  E.  Bendire  (U.  S.  Mus.,  Nos.  7062,  7090). 

Fraxinus  dknticulata  Heer? 

Fraxinus  dentici'lata  Heer?    Newlierry,  I^ter  Extinct  Floras,  p.  128,  PI.  XLIX, 
fig.  6,  1898. 

More  or  less  doubt  still  attaches  to  this  form. 

Locality, — Bridge  Creek,  Grant  County,  Oregon.  Collected  by 
Rev.  Thomas  Condon. 

INCERT.K  SEDP:S. 

Phyllites  wasooensis  I^esq. 

Phyllites  wascoknhis  \a^h\.,  Proc.  V ,  S.  Nat  Mas.,  Vol.  Xf,  p.  22,  PI.  XIV,  fi)?.  3, 

1888. 

Locality, — Cherry  Creek,  Crook  County,  Oregon.  Collected  l>y 
Maj.  Charles  E.  Bendire  (U.  S.  Nat.  Mus.,  No.  2033). 
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PHYLLITES  sp. 
PL  XVII. 

The  recent  material  from  Cherry'  Creek  contains  the  single  frag- 
ment figured,  which  is  just  sufficient  to  show  that  a  leaf  of  immense 
size  was  present  in  these  beds.  It  is  a  segment,  evidently  from  near 
the  middle  of  the  blade,  showing  a  width  of  at  least  22  cm.  Apparently 
little  or  none  of  the  margin  is  retained. 

So  little  of  this  leaf  is  preserved  that  it  is  impossible  to  conjecture 
ns  to  it«  affinity. 

L,ocality. — Cherr\'  Creek,  Crook  County,  Oregon.  Collected  by 
Knowlton  and  Merriam,  July,  1901. 

PhYLLITES  OREGONIANUS   n.  sp. 

PI.  XVI,  fig.  1. 

PhyllUe^  u.  sp.,  Knowlton  in  Merriani,  Univ.  Cal.,  Bull.  l>ept.  GeoL,  Vol.  II,  No.  9, 
p.  303,  1901. 

Leaf  of  firm  texture,  lanceolate,  narrowly  wedge-shaped  at  base, 
acuminate  at  apex;  margin  perfectly  entire;  midrib  very  thin;  sec- 
ondaries very  thin,  about  eight  pairs,  alternate,  arioing  at  an  acute 
angle  and  much  curving  upward,  camptodrome;  nervilles  few,  obscure; 
finer  nervation  not  preserved. 

The  example  figured  is  about  0.5  cm.  long  and  about  1.5  cm.  wide. 
Another  much- broken  example  was  apparently  about  the  same  length, 
but  was  nearlj'  3  cm.  broad.  It  has  the  same  kind  of  secondaries  and 
has  the  nervilles  better  preserved,  these  being  usually  broken. 

I  am  uncertain  as  to  the  affinities  of  this  little  leaf,  although  in  some 
respecti^  it  suggests  Cornus. 

Locality. — Three  and  one-half  miles  south  of  Lone  Rock,  Gilliam 
County,  Oregon.  Collected  by  Merriam's  expedition  of  1900  (Mus. 
Univ.  Cal.,  No.  1334). 

Phyllites  bifurcies  n.  sp. 

PI.  XVI,  fig.  2. 

Leaf  coriaceous,  ovate  or  ovate-elliptical  in  shape,  abruptly  rounded 
at  Imse  (apex  destroyed),  with  a  single  triangular-lanceolate,  acuminate 
Imsal  lobe;  margin  otherwise  coarsely  toothed,  the  teeth  sharp,  point- 
ing upward;  petiole  short,  strong;  midrib  very  strong  below,  becom- 
ing very  thin  above;  secondaries  numerous,  thin,  somewhat  irregular, 
ending  in  the  lobe  and  marginal  teeth;  finer  nervation  not  retained. 

The  curious  leaf  figured  is  apparently  all  that  is  represented  of  this 
form.  It  was  apparently  between  7  and  8  cm.  in  length,  exclusive  of 
the  petiole,  nearly  1  cm.  long,  and  is  4.5  cm.  broad  between  the  tip  of 
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tlie  long  lobe  and  the  opposite  of  the  blade.  The  major  part  of  the 
blade  i.s  only  8  em.  broad.     The  single  l)asal  lobe  is  2  cm.  long. 

This  leaf  present*;  a  very  curious  appeamnce  with  the  long,  sharp- 
pointed  lobe  on  one  side,  and  it  is  quite  possible  that  it  is  an  abnormal 
example  perhaps  of  some  well-known  form.  If  it  is  the  normal  form, 
it  is  certainly  one  that  will  he  readily  recognizable  in  future.  Its 
affinit}'  is  obviously  in  doubt.  If  it  were  not  for  the  presence  of  the 
single  basal  lobe  it  might  perhaps  be  referred  to  Betula,  but  1  do  not 
know  any  species,  either  living  or  fossil,  with  which  it  can  be  satisfac- 
torily compared. 

Localitt/.— White  hill  one-half  mile  east  of  original  Van  Horn's 
ranch  locality,  12  miles  west  of  Mount  Vernon,  Giunt  County,  Ore- 
gon. Collected  by  Knowlton  and  Merriam,  July,  1901  (U.  S.  Nat. 
Mus.,  No.  8537). 

Phyllites  inexpectans  n.  sp. 

PI.  XVT,  fig.  6. 

Leaf  evidently  coriaceous,  obovate-lanceolate  in  shape,  narrowed 
below,  obtuse  and  rounded  at  apex;  margin  perfectly  entire;  petiole 
long,  very  strong  for  the  size  of  the  leaf;  midrib  also  very  strong; 
other  nervation  obscure. 

This  form  is  represented  by  the  example  figured.  It  is  narrowly 
obovate-lanceolate  in  outline,  3.25  cm.  long  and  1)  mm.  wide  at  the 
broadest  part,  which  is  near  the  upper  extremity.  The  petiole  is 
6  mm.  long.  Unfortimately  nothing  of  the  nervation  except  the  thick 
midrib  is  preserved. 

This  leaf  resembles  quite  closely  certain  of  the  leaves  referred  to 
Qitet'cus  convexa  Lesq.,^  from  the  Auriferous  gravels  of  California. 
These  leaves  are  uniformly  thick  and  coriaceous,  yet  the  nervation 
shows  distinctly  in  all  cases.  Our  leaf  is  apparently  no  thicker,  yet 
has  no  trace  of  the  nervation  beyond  the  midrib.  The  petiole  in  Q. 
conve^va  is  uniformly  short,  whereas  in  the  leaf  under  discussion  it  is 
several  times  longer,  being  about  one-fourth  the  length  of  the  blade. 

On  the  whole,  this  leaf  is  perhaps  closest  to  Phyllites  t^bscurm 
Knowlton,*  from  the  Payette  formation  of  Idaho.  This  latter  spe- 
cies, however,  is  elliptical-lanceolate  or  slightly  ovate-lanceolate,  while 
ours  is  distinctly  obovate-lanceolate.  The  petiole  and  midrib  are  simi- 
lar, and  both  also  lack  details  of  nervation.  Perhaps  a  larger  series 
might  show  them  to  grade  together. 

Locality, — Van  Horn's  ranch,  about  12  miles  west  of  Mount  Ver- 
non, Grant  County,  Oregon.  Collected  by  Knowlton  and  Merriam, 
July,  1901  (U.  S.  Nat.  Mus.,  No.  8547). 

«  Foss.  PI.  Aurif.  Gravel,  p.  4.  PI.  I,  fijfs.  13-17;  Cret.  and  Tort.  Fl.,  p.  265,  PI.  XLV,  flgrs.  6,  6. 
<» Eighteenth  Ann.  Kept.  V.  .S.  Geol.  Sun-.,  Pt.  Ill,  p.  735,  PI.  XCIX,  Hgs.  10, 11,  1898. 
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PhYLLITES  PERSONATl'S   n.  sp. 

Plate  XVI,  tiK.  •*. 

Leaf  evidently  thick  and  leathery  h\  texture,  narrowly  obovate- 
laneeolate  in  shape,  long,  wedge-shaped  at  base,  acuminate  at  apex; 
margin  perfectly  entire;  midrib  very  thin,  almost  disappearing  above; 
secondaries  three  or  four  pairs,  very  thin  and  obscure,  the  two  lower 
pairs  close  together  near  the  base  of  the  blade,  at  an  ai^ute  angle,  pass- 
ing up  for  a  long  distance,  camptodronw  and  apparently  joining  the 
one  next  above;  nerville.s  obscure,  apparently  arising  at  an  acute  angle 
from  the  secondaries  and  soon  lost;  finer  nervation  not  satisfactorily 
discernible. 

The  single  specimen  figured  is  all  I  have  seen  of  this  fonn.  It  is  a 
small  leaf,  about  4.5  cm.  long  and  1.5  cm.  wide,  being  slightly  olK>vate- 
lanceolate  in  shape.  From  the  faint  impression  of  the  nervation  as 
well  as  the  wrinkled  appearance  it  is  inferred  that  the  leaf  was  of 
thick  and  leathery  texture. 

Locality, — Cherry  Creek,  Crook  County,  Oregon.  Collected  by 
Knowlton  and  Merriam,  July,  1901  (U.  S.  Nat.  Mus.,  No.  8554). 

SPECIES  EXCLUDED  PROM  THIS  WORK. 

A  numl)er  of  species  that  are  not  now  re<^ognized  have,  at  one  time 
or  another,  l>een  referred  to  the  various  beds  within  the  John  Day 
Basin.  The  reasons  for  excluding  each  are  set  forth  in  the  following 
list: 

J/nt«  corraUina  Lesq.,  Oet.  and  Tert.  Fl.,  p.  243,  PL  LI,  fij?8.  1-3,  1883.  The 
original  of  fig.  1  is  said  by  Lesquereux  to  be  from  "John  Day  Valley,  Oregon." 
This  specimen  is  No.  1944  of  the  paleontological  collection  of  the  University  of  Cali- 
fornia, and  is  from  south  of  Mount  Diablo,  California,  agreeing  with  others  from  the 
same  place,  and  being  so  marked  on  the  back. 

Betula  eUiptica  Saporta.  Lesq.,  Cret.  and  Tert.  Fl.,  p.  242,  PI.  LI,  fig.  6, 1883.  Said 
by  Lesquereus  to  be  from  "John  Day  Valiey,  Oregon.'*  It  is  No.  1760  of  the  paleon- 
tological collection  of  the  University  of  California,  and  is  from  south  of  Mount  Diablo, 
Califomia. 

Betula parct'deniala  Lesq.,  Cret.  and  Tert.  Fl.,  p.  242,  PI.  L,  fig.  12, 1883.  Said  by 
Lesquereux  to  be  from  "John  Day  Valley,  Oregon.**  It  is  from  south  of  Mount 
Diablo,  Califomia,  and  is  No.  1955  of  the  paleontologitral  collection  of  the  University 
of  (*alifomia. 

Berrhemia  multinerris  (Al.  Br.)  Heer.  Lesquereux,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI, 
p.  16,  1888.  Not  found  in  the  collection  of  the  Unite<l  States  National  Museum. 
Omitted  for  lack  of  evidence. 

Populvs  gUmdtdifera  Heer.  I^esquereux,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  18, 1888. 
A  single  broken  example  that  it  is  impossible  to  identify. 

Qurrcus  lonchitis  Unger.  Lesquereux,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  22,  1888. 
Much  broken  and  impossible  of  identification. 

Querciut  fraxinifolia  Lesq.,  op.  cit,  p.  22.     Discarded  for  same  reasons  as  the  last. 

QuerniM  Olafseni  Heer.  Lesquereux,  op.  cit,  p.  22.  Kejected  for  the  same  reason 
as  the  last  two. 
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Juglanx  lAconiemui  l>esq.,  op.  cit.,  p.  22.     Same  as  the  last. 

Jnglam  (IciUicniatd  lleer.  Lejiquereux,  op.  cit,  p.  22.  Could  ii<>t  be  fouinl  in  the 
collection  of  the  Unite<l  States  National  Mu^enm. 

I'teris  eUfjam  Newb.,  Proc.  I\  S.  Nat.  Mas.,  Vol.  V,  p.  50:5,  1H8;{.  N..t  recognized 
by  its  author  in  hin  J>ater  Extinct  Floran  and  ypecimens  now  lost,  w)  far  as  known. 

LIST  OF  SYNONYMS. 

As  a  considemblo  number  of  changes  in  the  names  and  disposition 
of  species  have  been  made  in  the  present  paper,  the  following  list  of 
changes  is  presented  for  the  convenience  of  users  of  previous  literature: 

Acer^  fruit  of,  Lesq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  \b=Acer  oreganianum,  n.fep. 

Acer  trUobatum  productum  (Al.  Br.)  I  leer.  Les(i.,  Cret.  and  Tert.  Fl.,  PI.  LIX,  figs. 
1,  2, 4  =  Acer  Bendlrel  Lesq. ;  fig.  *^= Pldtarma  disserta  Lesq. 

Arcdiapungens  Leoq.y  Proc.  V.  S.  Nat.  Mus.,  Vol.  XI,  p.  16  =  Ariocarpus  californka? 
Knowlton. 

Oarpimof  pt/r<nnid(dis  (<TOpp.)  Heer.  Ia^}.,  Prcxr.  T^  S.  Nat.  Mus.,  Vol.  XI,  p.  18  = 
Otrpintis  grandisf  linger. 

CnrpinuH,  involucre  of  =  Bvinhi  heUromorpha. 

Carya  elivnoides  (Ung.)  Heer.  Lesij.,  Pro**.  IT.  S.  Nat.  Mus.,  Vol.  XI,  p.  18  =  7/jco- 
ria  el'vnoidi's  (Ung.)  Knowlton. 

Casnia  phaseolUesf  Unger.  liesij.,  Proc.  T^.  S.  Nat.  Mus.,  Vol.  XI,  p.  Uy  =  Salix 
Engelhardli  Lesq. 

CnMmva  aiaria  t^nger.  Ia\m<j.,  Cret.  an<l  Tert.  Fl.,  i>.  247,  PI.  LI  I,  fig.  2  =  Querent 
hortiiana  I^esq. 

D'w»pgro»  hinclfoUa  Iyes(i.=  J),  tdtutkaiui  Schinij). 

I'Apunetum  Hormi  I^S(i.=  E.  oregonemic  Newb. 

Fagus  castanarfolin  Vngf^r.  Ix^sq.,  Proc.  U.  8.  Nat.  Mus.,  Vol.  XI,  p.  18=  Fugusf  sp. 

Fieu»f  Coridonl  Newb.=  Plntanm  Condom  (Newb.)  Knowlton. 

Fraxium  affimn  Ne\vb.=  Querciis  qffinis  (Newb.)  Knowlton. 

Ilex  longifoUa  Heer.  Lescj.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  21  =Jugl<nhsf  Ben- 
direi  Knowlton. 

Juglans  hesperia  Knowlton  =  /.  oregoniana  Lesq. 

Ixistrea  Knightmna  Newb.=  lAislrea  Fischeri  Heer. 

lAqtddamhar  europxum  Al.  Br.  Lest].,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  14  = 
L.  earoptevm  patuluniy  n.  var. 

Lygod'min  iieuropteroides  Le8q.=  L.  Xdfdfumi  Heer. 

Marsileti  Bendlrel  Ward  =  Hydrangea  Beudirei  (Ward)  Knowlton. 

Myriea  diversifolia  Lesq.,  Cret.  and  Tert.  Fl.,  PI.  L.,  fig.  10=  Oratsegtis  Jfavescens 
Newb. 

Myriea  Lemigiif  I^s<j.,  Proc.  T.  8.  Nat.  Mus.,  Vol.  XI,  p.  \Q  =  Artocarptis  califor- 
nicaf  Knowlton. 

Paliunuf  cohmbi  Heer.  Les<j.,  Proc.  IT.  8.  Nat.  Mus.,  Vol.  XI,  j».  Ifi  =  (ireu*ia  ere- 
nata  (Unger.)  Heer. 

Platanus  Baynoldsil  Newb.  lA»sq.,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XI,  p.  19  =  Plalanusfip. 

Populus  monodon  Lesq.,  Proc.  IT.  8.  Nat.  Mus.,  Vol.  XI,  p.  21  =  }fagnoUa  (Udreiri 
Knowlton. 

Populus  polymorpha  Newb.,  in  part  =  Belula  heterodonta  Knowlton,  Qnercus  pseudo- 
alnv^  Ett.,  and  QuerctiH  oregoniana  Knowlton. 

Porana  Bendhei  (Ward)  hesq.=  Hydrangea  Bendlrel  (Ward)  Knowlton. 

Pteris  pinntvformm  Heer.=  P.  pseudo-plnnirformls  I^sq. 

Pteris  snbsimplex  Lesq.=  Asplenlnm  mdtmnplex  (Ix?sq.)  Knowlton. 

(^lercus  Brexveri  Lesq.,  Cret.  and  Tert.  Fl.,  PI.  LIV,  fig.  9  =  Q.  affinis  (Newb.) 
Knowlton. 
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(/ttemis  furcinervia  (Rossm.)  Unger.  Lesq.,  Proc  V.  8.  Nat.  Miis.,  Vol.  XI, 
p.  22  =  Q.  furcinerf^iH  americdna  Knowlton. 

(/iiernu  ih^etulo-lynitn  fifutilobd  LefHj.,  Phm*.  V.  S.  Nat.  Mus.,  Vol.  XI,  p.  17  = 
Q.  psnulo'hfrain  Ix»8<]. 

Qnercwi  2M<eu(Io~lifraUi  angmiihbn  Lt»s<i.,  op.  cit.,  p.  17=(V.  Merriami  Kiiowltoi 

(JurrntJt  jiiitnulfHiprata  brn'ifolia  Lepq.,  op.  cit.,  p.  18  =^^.  psnulo-lyrnta  Lesq. 

(^uercu)*  jn<r7(do'iyraln  latifolia  I^wj.,  op.  cit.,  p.  18  =Q.  jutendo-hpraia  LetHj. 

(/tierniii pseudo-lijraUi  ohtwtiloba  Jjeei\.y  op.  cit,  p.  18  =</  ps^mdo-lyrata  Leeq. 

Rhus  Bmdirei  Leg<j.,  PrcK*.  U.  S.  Nat.  Mux.,  Vol.  XI,  p.  15  (the  small  leaflet 
described  )=  J«/jrZaw«  oreyoniana  Lesf}. 

Sequoia  Xordntshidldii  Heer.  Legcj.,  Proc.  IT.  S.  Nat.  Mu».,  Vol.  XI,  p.  19  =  aV. 
anguMifolia  Le«q. 

Taxodium  dislichum  miocenum  Heer.  Newberry,  I^ter  Extinct  Floras,  PI.  XLVII, 
fig.  6  =  Sequoia  Ixiugsdorjii  (Brgt.)  Heer. 

llmus pseudo-americana  Lesq.=  V.  speriosa  Newb. 

I'lmug  ttpedosa  Newb.,  Later  Extinct  Floras,  PI.  XLV,  figs.  5,  H  =  Ulmun  Newherryi 
Knowlton. 

DISCUSSION  OF  THE  FLORA 
STATISTK'AL   VIEW. 

The  fossil  flora  of  the  John  Day  Basin,  as  set  forth  in  the  preced- 
ing pages,  is  seen  to  be  a  rich  and  interesting  one.  Although  the 
present  enumeration  comprises  all  that  is  now  known  regarding  the 
fo.ssil  plants,  it  is  probably  still  far  from  complete,  as  every  collection 
contains  a  good  proportion  of  new  forms.  But  as  it  is  in  a  measure 
a  type  locality,  it  has  seemed  proper  to  present  a  summary  of  exist- 
ing knowledge,  in  order  that  the  information  may  l>e  made  available 
for  use  in  contiguous  and  obviously  related  areas. 

The  following  table  has  been  prepared  for  the  purpose  of  bringing 
out  the  local  distribution  and  the  stratigraphic  relationships  of  the 
plants: 

Tahle  shmting  disirihuHon  of  specks  in  the  John  Day  Basin^  Oregoti. 
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euenoides  (Ung.)  Kn  ... 

Carpinus  betuloides  linger 

grandis  ?  Unger 

CorylusMacQuarrii(  Forbes)  Heer. 

Betula  heteromorpha  n.  sp 

heterodonta  Newb 

Bendirei  n.  sp 

angustifolia  ^ewb 

?  dayana  n.  sp 

Alnus  carpinoides  Lesq 

serrulata  fossilis  Newb 

macrodonta  n.  sp 

sp.?  fruit  of,  Newb 
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TabU  showing  diMrilnUion  of  ttprries  in  the  John  Day  Bn^in^  Oregon — OmtinucHl. 
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Liquidambar  europaeuin  A  I.  Br . . . 

europaeum  n.  var  . . , 
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Rhus  Bendirei  Lesq 

?  sp.  Lesq 

Celastrus  dignatus  n.  sp. 

confluens  n.  sp 

Acer  Osmonti  n.  sp 

liendirei  Ix'sq .    ... 
dimorpliuui  * 
Merrianii  n.  sp 
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oregonianum  n.  sp 

niedianum  n.  sp 

minor  n.  sp 

gigasn.sp 

Uulac  cratjegifoliuni  n.  sp  . . . 
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Sapindus  Merrianii  n.  sp 

obtusifolius  Les(i . . 
angustifolius  ?  l^cst| 
oregonianus  n.  sp. . 

Rhaninus  Cleburni?  I^8(] [ i  X 

Eridani  linger 

Grewia  crenata  ( Ung. )  Heer 

auriculata  Lesq 

Aralia  digitata  Ward 

sp.? 
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Cornus  ferox  ?  linger | X 

Andromeda  crassa  I^esq i . . . 

Diospyros  alaskana  Schimp j X 

elliptica  n.  sp , | . . . 

Fraxinus  integrifolia  Newb 

denticulata?  Heer 
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An  examination  of  the  table  shows  that  the  flora  as  at  present 
understood  comprises  150  forms,  of  which  number  44  species  and  1 
variety  are  described  as  new  to  science.  Of  the  remaining  number  24 
are  forms  not  specifically  named,  thus  leaving  81  species,  or  about  53 
per  cent,  of  previously  known  species. 


Digitized  by 


Google 


KNOWLTON]  BIOLOGICAL    CONSIDERATIONS.  93 

The  following  table  shows  at  a  glance  the  nunil>er  of  forms  found 
at  each  of  the  localities: 

Table  showing  the  nnmf)er  of  forma  at  eaeh  localUy. 

Currant  Creek 3 

Cherry  Creek 20 

Bridge  Creek 46 

One  and  one-half  miles  eaat  of  Clamos  Ferry 3 

Three  miles  above  Clamoa  Ferry 2 

One  and  one-half  miles  northeast  of  Fossil 3 

Three  and  one-half  miles  south  of  Lone  Rock 4 

Van  Horn's  ranch  and  vicinity 80 

Officer's  ranch 3 

From  this  it  appears  that  three  localities — namely,  Cherry  Creek, 
Bridge  Creek,  and  Van  Horn's  ranch  and  vicinity — afford  over  90  per 
cent  of  the  entire  flora. 

BIOLOOICATi   CONSIDERATIONS. 

As  alreadj'  pointed  out,  the  prasent  woody  flora  of  the  John  Day 
Basin  is  inconsiderable,  consisting  of  pines  along  the  higher  ridges, 
occasional  junipers  along  the  lower  ridges,  and  a  scant  fringe  of  cotton- 
woods  and  willows  along  the  streams.  At  best  not  more  than  three 
families  are  represented.  The  fossil  flora,  on  the  other  hand,  is  a  rel- 
atively rich  one,  and  shows  especially  a  great  variety  of  woody  plants. 
Following  is  a  complete  list  of  families  represented: 


Schiaeaceje. 

Polypodiaceje. 

Equisetaceap. 

Ginkgoacea?. 

Pinacetp. 

Graminefe. 

Cyperat^ete. 

Smilacea?. 

Salicaceap. 

Myri(»ace{e. 

Juglandacese. 

Betulacete. 


Ulmaceee. 

Moracese. 

Berberidacese. 

Magnoliacese. 

Lauracete. 

Hydrangeacesp. 

Hamamelidacete. 

Platanaceie. 

Rosaceee. 

Mimosacenp. 

Caesalpinacea*? 

Simarubacea?. 

Anacardiacefe. 


Celastracea?. 

Aceracea?. 

H  ippocaatanacese. 

Sapindacete. 

Rhamnacese. 

Tiliat^eae. 

Araliacese. 

Cornacece. 

Ericaceae. 

Ebenacese. 

Oleaceee. 


The  ferns,  judging  from  the  remains,  must  have  played  a  very 
inconspicuous  role  in  the  Tertiary  flora  of  this  region.  Two  families 
and  only  four  species  are  represented,  and  these  are  confined  to  a  sin- 
gle horizon.  They  are  also  few  in  individuals,  Lvgodium  being  the 
most  abundant. 

Associated  in  the  same  beds  with  the  ferns  are  a  large  number  of 
individuals  of  an  Equisetum,  all  of  which  have  been  referred  to  a  sin- 
gle species  {£,  at'egonense  Newb.).  The  confused  character  of  the 
matrix  givers  no  indication  of  the  height  to  which  this  species  grew, 
but  it  must  have  been  conspicuous,  for  it  is  not  uncommon  to  find 
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stems  nearly  3  cm.  in  diameter;  the  majorit}^  of  them,  however,  are 
considerably  .smaller.  .  The  only  other  Equisetum  is  a  small,  more  or 
less  doubtful  f mgment  from  the  Mascall  beds,  not  enough  of  it  being 
preserved  to  convey  a  satisfactory  idea  of  its  size  and  appearance. 

Ginkgo  is  represented  in  the  highest  plant-bearing  beds  (Mascall)  by 
a  few  fragments  that  are  so  poorly  preserved  as  to  give  very  little 
idea  of  it  beyond  the  fact  that  it  appears  to  have  been  larger  leaved 
than  the  ordinary  leaves  of  the  living  species. 

The  Pinaceas  although  represented  by  four  genera  and  six  or 
seven  species,  coutd  hardly  have  been  a  very  conspicuous  element  in 
the  Tertiary  flom  of  the  basin.  The  most  abundant  species  was  the 
widely  distributed  Seqivolxi  Lang^dorfil^  which  occurs  at  five  of  the 
localities.  Associated  in  the  beds  at  Bridge  Creek  are  a  few  cones  of 
what  Lesquereux  has  called  Sleqiu/la  IleiTil^  that  may  possibly  belong 
to  what  has  been  identified  as  S.  Lan<j»diyrfii ^  but  if  this  l)e  so,  the  latter 
identification  can  hardly  be  correct. 

The  remaining  conifers  are  all  confined  to  the  Mascall  beds.  Of 
these,  Sequoia  (i}}gu.*<tifolia^  Tcwodlwn  diitichinn  mlocennnt^  and  what 
has  been  called  Glyptostrohm  Ungerl  are  the  most  abundant.  Taxodium 
is  also  represented  by  what,  with  little  question,  are  male  aments.  It 
is  more  than  probable  that  they  belong  to  T,  dwtu^hiun  ir!ocenma. 
ThuiteH  is  represented  by  a  mere  fragment.  The  Graminea?  and 
Cyperaceaj  are  each  represented  by  a  single  form,  l>oth  of  which  are 
more  or  less  doubtful. 

To  the  Smilaceae  is  referred  the  single  spetues  Smlkix  Wardh,  It 
is  very  rare,  as  only  one  leaf  has  ever  been  discovered. 

We  come  now  to  the  deciduous-leaved  types  of  vegetation,  and  it 
requires  but  a  glance  at  the  list  of  families  to  show  that  they  predomi- 
nate to  a  marked  degree.  They  are  reprevsented  not  only  by  numerous 
genera  and  species,  but  in  the  case  of  some  forms  by  a  great  wealth  of 
individuals.  The  deposits  at  Bridge  Creek,  many  feet  in  thickness, 
are  filled  with  thousands  of  leaves  of  Betula,  Alnus,  Quercus,  etc.,  and 
the  Mascall  beds  at  Van  Horn's  ranch  contain  great  numbers  of  leaves 
of  oaks,  willows,  and  maples.  We  therefore  seem  warranted  in  con- 
cluding that  the  Tertiary  flora  of  the  basin  w^as  distinctly  a  hard-wood 
flora,  not  unlike  in  general  appearance  that  which  characterizes  much 
of  the  area  east  of  the  Mississippi  River  at  the  present  time.  This 
fact  is  still  further  emphasized  by  the  evident  close  relationship  between 
certain  of  the  species  found  fossil  in  the  John  Day  Basin  and  those 
now  living  in  the  Eastern  States.  This  will  be  brought  out  more  fully 
under  the  discussion  of  each  family. 

The  Salicacea^  are  n^presented  by  both  Populus  and  Salix,  but  of  the 
former  genus  only  one  species  {/\  Lhidgrm!)^  represented  by  a  single 
leaf,  has  thus  far  been  found.  This  species  was  first  characterized 
from  the  Payette  formation  of  Boise  County,  Idaho.     As  I  have 
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already  said,  **  Among  livini^  species  this  appears  to  approach  most 
closely  to  1\  halsamlfera  aindicans.  It  differs  in  being  much  more 
obtuse,  in  having  a  more  marked  serrate  border,  and  in  the  stronger 
nervation.  The  relationship  is,  however,  quite  marked,  the  two  leaves 
being  of  the  same  type,  but  with  strong  specific  differences."" 

The  genus  Salix  is  represented  by  eleven  forms,  all  but  one  of  which 
(&  l^chimpen)  are  confined  to  the  upper  beds.  Several  of  the  species 
included  are  represented  by  single  and  often  more  or  less  doubtful 
specimens,  while  others  are  represented  by  numerous  individuals. 
Thus  S,  pHendoanjentea  is  very  abundant.  It  closely  resembles  the 
living  S.  argentea^  whence  its  name.  Sallx  perple^a^  to  which  is 
referred  a  dozen  or  more  specimens,  is  very  similar  in  geneml  appear- 
ance to  certain  forms  of  S.  Bebbian^^  a  species  now  widely  distributed 
throughout  the  Rocky  Mountain  region.  The  Myricaceee  are  repre- 
sented by  two  species,  both  of  which  are  described  as  new.  Of  these, 
M,  oregoniaria  is  very  closely  related  to  M.  calUmnuefoUa  Lesq.,  a 
species  very  abundant  at  Elko  station,  Nevada,  and  Florissant,  Colo- 
rado. The  other  species,  Myrica  ?  personaia^  is  wholly  unlike  anything 
previously  described  from  the  John  Day  region,  and  may  not  belong 
to  this  genus. 

The  Juglandace»  are  richly  represented,  both  Juglans  and  Hicoria 
being  present,  the  former  with  eight  forms  and  the  latter  with  three. 
The  species  are  rather  widely  distributed,  occurring  in  the  older,  mid- 
dle, and  younger  plant-bearing  beds  of  the  region.  Perhaps  the  most 
interesting  form  is  Lesquereux's  Juglann  oregoiiiana^  which  has  long 
been  supposed  to  have  come  from  the  Auriferous  gmvels  of  California, 
but  which  is  now  known  to  have  come  from  the  Mascall  beds  at  Van 
Horn's  ranch.  Quite  a  number  of  additional  specimens  have  been 
found  recently,  and,  with  the  exception  of  being  slightly  smaller,  they 
agree  well  with  the  type  form.  Oneof  the  specimens  described  by" 
Lesquereux  as  Rhus  litndirei  has  been  referred  to  this,  as  also  my 
«/.  hcsperia^  from  the  Payette  formation  of  Idaho. 

Judging  from  the  remains,  Hicoria  was  rather  rare,  for  only  a  few 
specimens  have  been  found. 

The  family  Betulacese,  so  far  at  least  as  regards  individual  leaves,  is 
the  dominant  family  of  the  flora.  It  is  represented  by  Carpinus, 
Corylus,  Betula,  and  Alnus,  each,  except  Corylus,  with  several  well- 
marked  species.  * 

The  Clamo  formation,  or  the  beds  at  Bridge  Creek  and  allied  locali- 
ties, seems  to  have  witnessed  the  culmination  of  the  lietulaceae  in  the 
region,  for,  with  the  exception  of  two  ov  three  doubtful  forms,  all  the 
species  are  confined  to  it. 

Carpinus  is  represented  by  numerous  leaves,  which  arc  referred  to 
C.  hetvloideB  at  Bridge  Creek,  while  two  more  or  less  questionable 
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leaves  from  the  Mascall  beds  are  referred  to  the  well-known  Miocene 
L\  (jrandis. 

Out  of  the  vast  number  of  leaves  from  Bridge  Creek  only  two  have 
thus  far  been  found  which  clearly  teiong  to  Cari/his  JfacQumrii^  and 
these  are  not  to  be  distinguished  from  leaves  of  this  spe(*ies  figured  by 
Heer  from  Alaska.  There  can  be  no  doubt  as  to  the  correctness  of 
this  identification. 

Betula,  as  already  pointed  out,  is  the  most  abundantly  represented 
of  any  genus  in  the  flora.  B.  heteromorpka  and  B,  hMfirodonta  are  by 
far  the  most  abundant  species.  The  first  mentioned  was  in  part 
described  by  Newberry,  under  the  name  of  Popnl as polymarj>ha^  from 
the  resemblance  to  certain  of  the  leaves  of  the  living  P,  alha,  but  with 
the  great  number  of  individuals  at  my  disposal  I  can  not  believe  that 
they  should  be  referred  to  Populus,  although  they  do  somewhat 
resemble  P,  alba.  Hardly  to  be  separated  from  this  is  Newberry's 
B.  heterodonta^  but  in  general  it  has  much  larger  leaves,  with  coarser- 
toothed  margins,  and  a  more  markedly  inequilateral  base.  Many  of 
the  leaves  of  both  species  show  evidence  of  having  been  attacked  by 
fungi,  producing  spots  and  punctures  so  characteristic  of  numerous 
spot-producing  fungi.  As  none  of  the  essential  features  of  these  fungi 
are  preseiTcd,  no  attempt  has  been  made  to  describe  them. 

Under  the  name  of  Betula  Bendirei  I  have  ventured  to  describe  a 
single  leaf  that,  while  evidently  allied  to  B,  h^^teromorpJm^  differs  in 
being  nearly  circular  in  shape,  with  an  equal  base  and  regularly 
spaced  secondaries. 

Almost  equally  abundant  was  the  species  of  Alnus  described  by 
Lesquereux  as  A,  carplnoideH.  It  is  contained  in  all  the  collections 
from  Bridge  Creek,  and  has  also  been  detected  at  several  other  locali- 
ties within  the  ba^in.  From  a  fragment  of  a  single  large  leaf  I  have 
chamcterized  a  new  species  under  the  name  of  A.  macrodonta.  It  is 
broadly  ovate,  with  abruptly  truncate  and  heart-shaped  base  and 
coarsely  dentate  margin. 

To  the  Fagaceaj  are  referred  a  single  very  doubtful  leaf  of  Fagus 
and  no  less  than  17  species  or  forms  of  Quercus.  The  oaks,  although 
not  quite  so  abundant  in  individuals  as  certain  of  the  species  of  Betula, 
Alnus,  etc.,  above  mentioned,  are  much  more  abundant  in  species  and 
in  a  few  cases  are  nearly  as  numerous  in  individuals.  The  oaks  are 
divided  sharply  into  two  groups  corresponding  to  the  horizons  in 
which  they  occur.  Thus  8  spe(^ies  are  confined  to  the  beds  at  Bridge 
Creek  and  7  species  to  the  Mascall  beds  at  Van  Horn's  ranch  and 
vicinity,  and  very  few  from  either  locality  have  been  found  beyond 
the  confines  of  the  John  Day  Basin. 

The  oaks  from  Bridge  Creek  are  small,  nonlobed  forms,  with  entire 
or  serrate  margins.     They  are  also  in  the  main  thick,  coriaceous-leaved 


Digitized  by 


Google 


KKOWLTON]  BIOLOGICAL   C0N8IDEBATI0NS.  97 

species,  evidently  evergreen,  and  quite  like  the  Q.  %4rens  type.  Those 
from  Van  Horn's  ranch,  on  the  other  hand,  are  all  or  nearly  all  lobed 
forms,  some  of  them  being  very  profoundly  lobed.  They  are  evidently 
thinner  in  texture  than  the  Bridge  Creek  species. 

The  most  abundant  form  in  the  Maseall  beds  is  Q.  pseudo-lyrata  of 
Lesquereux.  It  is  present  in  abundance  in  all  collections  and  is  hardly 
to  be  distinguished  from  the  living  Q,  lyrata.  It  was  divided  up  by 
Lesquereux  into  5  varieties,  but  an  examination  of  more  than  100 
examples  convinces  me  that,  with  one  exception,  no  satisfactory  line  can 
be  drawn  between  them,  and  they  have  been  reduced  to  the  typical 
form.  The  exception  above  noted  is  that  of  Lesquereux's  Q,  psevdo- 
lyrata  angvstiloba.  After  examining  more  than  25  more  or  less  perfect 
examples,  it  became  clear  that  this  was  entitled  to  specific  rank,  and 
it  has  been  called  Q.  Merriami^  the  varietal  name  angvstiloba  being 
preoccupied  by  A.  Braun's  Q,  angustiloba.  It  is  a  very  narrowly 
lanceolate  form,  quite  suggestive  of  certain  leaves  of  Q.  heterophyllaj 
the  so-called  Bartram  oak. 

A  small  but  very  perfectly  preserved  leaf  from  the  same  beds  has 
been  called  Q.  durivscula.  This  specimen  is  very  close  indeed  to  Q. 
minor  (Marsh.)  Sargent,  the  well-known  post  or  iron  oak  of  the  Eastern 
United  States. 

Another  distinctly  modem  type,  represented  by  several  examples, 
is  Q.  urstTiaj  which  is  undoubtedly  related  to  Q.  nana  (Marsh.)  Sargent, 
the  bear  or  scrub  oak  of  the  Ekistem  States. 

The  only  entire-leaved  oak  in  the  Maseall  beds  is  Q.  dayana^  a  very 
small-leaved  species  of  the  virens  type.  It  resembles  various  species, 
such,  for  example,  as  Q.  svnvplex  Newb.,  Q.  convexa  Lesq.,  and 
Q.  dmuUUa  Knowlton,  but  appears  to  differ  from  them  all. 

The  family  UlmacesB  is  represented  by  four  species  of  Ulmus,  evenly 
divided  between  Bridge  Creek  and  Van  Horn's  ranch,  and  a  single  one 
of  Planera.  Of  the  two  from  Bridge  Creek,  U.  speciosa  Newb.,  is  the 
largest  and  finest,  being  from  10  to  13  cm.  in  length.  It  is  very  sug- 
gestive of  the  living  U.  araericana^  and  was  called  U.  pseudo-ameri- 
cana  by  Lesquereux,  but  his  name  is  antedated  by  that  of  Newberry. 
The  other  species,  which  I  have  called  U.  Neioberryi^  has  a  much 
smaller  and  narrower  leaf,  ranging  from  6  to  10  cm.  in  length,  and 
less  than  3  cm.  in  width.  It  was  referred  to  U.  speciosa  by  Newberry, 
but  seems  distinct.  Associated  with  these  leaves,  but  especially  with 
U.  speciosa^  are  a  number  of  very  perfect  examples  of  the  winged 
fruits.     They  were  placed  with  speciosa  by  Newberry. 

The  two  species  from  the  Maseall  beds  are  U.  plurincrria  Unger, 
represented  by  a  single  leaf,  and  U.  caJlfornlca  Lesq.,  to  which  sev- 
eral small  leaves  ai*e  doubtfully  referred.  It  is  clear  that  elms  were 
not  abundant  in  these  beds. 
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Planera  (P.  Ungen  Ett.)  is  also  represented  by  a  single  example. 

The  MoracesB  were  not  abundant,  being  represented  by  three  spe- 
cies of  Ficus  and  one  of  Artocaipus.  The  figs  are  all  small  leaves, 
and  are  represented  by  few  specimens,  and  they  evidently  played  an 
unimportant  part  in  this  flora.  Artocarpus  is  unfortunately  repre- 
sented by  only  two  or  three  fragments,  which  were  referred  by 
Lesquereux  to  Aralia  pungena  Lesq.  and  Myrica  (Aralia)  Lesaigii 
Lesq.  As  nearly  as  can  be  made  out,  they  are  the  same  as  my  A.  col- 
ifomica  from  the  Auriferous  gravels  of  California. 

The  Berberidaceae  are  represented  by  the  very  distinct  and  still 
unique  Berheris  siniplex  of  Newberry.  It  is  undoubtedly  closely 
related  to  the  living  B,  aquifolia^  which  is  so  abundant  in  the  region. 

The  Magnoliaceee  are  represented  by  three  species,  two  of  which  (M. 
Culveri  and  M,  lanceolata)  are  found  in  the  lowest  beds  of  the  region, 
and  one  (J/.  Trujlejiddl)  in  the  Mascall  beds. 

The  Lauraceae  are  represented  by  three  species — one  of  Laurus,  in 
the  Mascall  beds,  and  two  of  Cinnamomum,  one  of  which  ( C.  DUleri 
Kn.)  is  found  at  Cherry  Creek  and  the  other  (6^.  Bendirei)  in  the 
Bridge  Creek  beds. 

After  much  considei-ation  it  has  seemed  probable  that  the  family 
Hydrangeaceee  is  represented  by  the  curious  sterile  flowers  which 
were  first  called  Marsllea  Bendirei  by  Ward  and  transferred  to  Porana 
by  Lesquereux.  The  evidence  on  which  it  is  changed  to  Hydrangea  is 
fully  set  forth  in  the  discussion  of  this  species  (ante,  p.  60). 

Liquidambar,  representing  the  Hamamelidacea?,  was  evidently  an 
important  group  in  this  flora.  Five  f oims  have  been  detected,  several 
of  which  are  represented  by  a  considerable  number  of  specimens. 
They  all  come  from  the  middle  and  upper  plant-bearing  beds  of  the 
region.  The  large  leaves  from  Bridge  Creek  are  referred  to  Z.  euro- 
pseum^  although  they  approach  quite  closely  in  certain  specimens  to 
Z.  califomiinim  of  Lesquereux.  Under  the  name  of  Z.  europdewn 
patulunh  I  have  characterized  a  form  from  the  Mascall  beds  with  very 
broad  three-lobed  leaves.  The  ldentitica,tion  of  Unger's  Z.  protensmn 
by  Lesquereux  is  open  to  doubt.  It  rests  upon  a  single  broken 
example,  and  may  belong  to  Acei'  dimorphum  Lesq.  A  very  peculiar 
thick-leaved  form  has  been  named  Z.  pachyphyllmn.  It  is  wholly 
unlike  any  of  the  other  forms  found  in  the  region. 

The  Platanacero  formed  an  important  family,  represented  by  five 
forms  and  a  large  number  of  examples.  Of  these  P,  mpera  Newb.,  is 
peculiar  to  the  Bridge  Creek  beds,  being  a  medium-sized  species  with 
sharp  upward-pointing  lobes.  The  largest  and  most  abundant  form  is 
P.  Ccnidoni^  originally  described  by  Newberry  as  a  questionable  Ficus. 
This  is  undoubtedly  very  closely  allied  to  Ward's  P.  bmilobata^  if, 
indeed,  it  is  not  actually  identical  with  that  species.  The  main  differ- 
ence lies  in  the  basal  lobes.  In  P,  hasilohata  these  are  several  times 
the  size  of  those  in  P.  Condoni^  and  appear  to  be  always  deeply  lobed, 
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whereas  they  are  entire  in  the  latter.  Assuming  that  the  evolutional 
tendency  is  to  get  rid  of  these  large  stipular  organs,  as  suggested  in 
the  living  P.  occidentalism  the  Bridge  Creek  fonn  would  represent  a 
more  recent  and  highly  developed  stage  than  P.  hasilobata^  a  supposi- 
tion borne  out  by  the  relative  ages  of  the  beds  in  which  they  are  found. 

Another  interesting  form,  unfortunately  represented  by  only  a  sin- 
gle example,  was  identified  by  Lesquereux  as  P.  nobilisf  Newb.  It 
is  a  leaf  more  than  25  cm.  long  and  23  cm.  broad,  with  a  petiole  8  cm. 
long  and  some  7  mm.  in  thickness.  The  margin  is  not  well  preserved. 
This  may  well  be  the  P.  nobiZis  of  Newberry,  but  additional  material 
will  be  necessary  to  definitely  establish  the  fact.  The  well-known  P. 
dceroides  of  Europe  and  this  country  was  also  determined  by  Lesque- 
reux from  the  Mascall  beds,  but  it  rests  on  two  examples,  neither  of 
which  agrees  entirely  with  the  ordinary  figures  of  this  species.  Addi- 
tional material  is  needed  to  settle  the  status  of  this  species  also. 

The  Rosace©  are  represented  by  two  species  of  Crataegus  and  two 
of  Prunus,  one  of  the  latter  being  more  or  less  open  to  question. 
Vratceg^^as  fiavescens  Newberry,  from  Bridge  Creek,  is  a  well-marked 
species.  It  is  undoubtedly  similar  to  what  was  called  C.jkuva  Ait., 
but  which  has  now  been  segregated  into  several  closely  allied  forms. 
Lesquereux's  Myrica  dwersifclia  is  clearly  the  same  as  C.  flaveacens 
and  has  been  united  with  it.  A  form  quite  similar  to  fiavescens^  but 
undoubtedly  distinct,  I  have  called  C.  imparilis.  It  is  a  small  seven- 
lobed  leaf. 

The  form  that  I  have  named  Pninusf  Merriami  is  a  small  ovate  leaf 
with  finely  seiTate  margins,  and  in  appearance  quite  like  some  forms 
of  the  living  P.  virginiana^  P.  demissa^  etc.  It  also  resembles  some 
species  of  Cydonia,  as  C,  jajponica. 

Closely  related  to  P.  Merriami^  and  possibly  identical  with  it,  is 
what  I  have  called  P.  tufacea.  It  is  from  the  same  beds,  but  differs  in 
a  number  of  minor  particulars,  being  elliptical  or  slightly  elliptical- 
obovate  instead  of  ovate,  and  has  finer,  more  regular,  and  evidently 
sharper-pointed  teeth. 

The  family  Mimosacese  is  represented  by  a  single  pod,  which  was 
named  Acacia  oregoniana  by  Lesquereux. 

The  presence  of  the  CsBsalpinaceaB  in  this  flora  is  open  to  doubt,  as 
it  depends  solely  on  the  problematical  form  referred  to  Cassia  by  New- 
berry. Judging  from  the  drawing  alone,  it  would  be  concluded  at 
once  that  it  represented  a  small  pod,  but  a  careful  study  of  the  type 
specimen  shows  that  this  is  not  a  fair  intei-pretation.  It  may  l)e  a 
small  pod,  but  this  is  extremely  doubtful,  and  even  granting  this,  the 
reference  of  it  to  Cassia  is  open  to  the  gravest  question. 

The  presence  of  the  Simarul)ace8B  rests  on  what  Lesquereux  has 
identified  as  a  species  of  Ailanthus.  This  consists  of  a  branch  and  a 
number  of  samaras,  all  preserved  in  the  same  piece  of  matrix.  In  the 
first  place,  they  have  not  been  correctly  described  and  figured  by 
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Lesquereux,  and  beyond  this  remains  the  further  question  of  the  cor- 
rectness of  their  reference  to  Ailanthus. 

The  Anacardiaceae  were  but  poorly  represented,  there  being  only 
one  species  and  a  doubtful  form  referred  to  Rhus. 

The  Celastraceae  are  represented  by  two  species  of  Celastrus,  both 
from  the  Mascall  beds. 

Next  to  the  Betulaceas  and  Fagacese  the  Acerace«e  appear  to  have 
been  the  most  important  family  in  this  flora.  It  is  represented  by  two 
genera,  Acer,  with  eleven  nominal  forms,  and  Rulac  (Negundo),  with 
one. 

The  maples  appear  to  have  been  absent  at  the  time  the  lowest  of  the 
plant-bearing  beds  of  the  region  were  deposited;  at  least  no  remains  of 
them  have  been  discovered.  In  the  Clarno  formation  maples  are  rare, 
a  single  species  {A,  Omionti)  having  been  found  at  Bridge  Creek  and 
doubtful  forms  at  the  same  place  and  near  Clarnos  Ferry.  Acer 
O»monti  is  a  fine  species,  very  modern  in  appearance,  suggesting  at 
once  the  living  A,  saccharum  and  small  leaves  of  A,  macrophyUum^  the 
common  maple  of  the  coast. 

Maples  were  undoubtedly  abundant  at  the  time  the  Mascall  beds 
were  laid  down,  for  numerous  leaves,  fruits,  and  branches  are  pres- 
ent. The  most  abundant  of  the  species  founded  on  the  leaves  is  Les- 
qureuex's  A.  Bendlrei^  which  was  for  a  time  supposed  to  be  the  same 
as  the  European  A,  trilohatum  prodiictum  (Al.  Br.)  Heer.  They  are 
large,  deeply  lobed  and  toothed  leaves.  A,  dimorpKum  Lesq.  is  differ- 
ent entirely  from  the  last,  and  its  status  is  possibly  still  open  to  more 
or  less  question.  What  I  have  called  A,  Merrlaini  is  wholly  unlike 
A.  Bendirei^  but  may  be  a  very  broad,  coarsely  toothed  form  of  A. 
dunorphum.  It  is,  however,  without  the  basal  lobes  so  conspicuous 
in  dimorphuni. 

Associated  throughout  the  beds  with  the  leaves  are  numerous  speci- 
mens of  maple  fruits.  It  is  not  possible  to  characterize  these  fruits 
with  entire  satisfaction,  but  largely  on  the  basis  of  size,  as  well  as 
other  minute  characters,  I  have  ventured  to  give  names  to  these 
species:  A.  oregonlanuni^  A,  m^dianum^  and  A,  niln4)r.  It  is  possible 
that  only  two  species  of  fruits  are  represented,  but  the  differences  in 
size  would  seem  to  be  greater  than  are  found  in  any  one  living  species. 
In  the  same  beds  was  found  a  single  specimen  of  a  maple  fruit  which 
I  have  named  Acer  glga^.  It  is  a  long,  narrow  fruit,  9.5  cm.  in 
length,  and,  so  far  as  I  know,  is  the  largest  fruit  of  the  kind  thus  far 
described. 

Under  the  name  of  Rulac  crata^glfoHiuii  1  have  described  a  com- 
pound leaf  that  is  certainly  very  suggestive  of  the  living  box  elder. 
It  is  unfortunately  not  quite  perfect,  and  its  form  and  other  chai-ac- 
ters  are  made  out  with  difficulty. 

The  Hippocastanaceai  are  represented  by  a  single  but  undoubted 
8i)ecies  of  -tEsculus,  which,  from  its  close  approach  to  certain  living 
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forms,  I  liave  called  JE.  Him  ulata.  It  is  clearly  related  to  ^,  octandra 
and  ^£1  (jlubra^  both  well-known  species  of  the  Ekstern  United  States. 

The  Sapindaceie  ai'e  represented  by  four  species  of  Sapindus,  but 
by  a  relatively  small  number  of  specimens.  Under  the  name  of  S. 
Menriami  I  have  characterized  a  small  species  from  Bridge  Creek. 
It  seems  closest  to  some  of  the  smaller  leaflets  of  S.  obtimfolim 
Lesq.,  but  has  smaller  and  thinner  secondaries.  The  other  species 
are  all  found  in  the  Mascall  beds,  and  are  each  represented  by  single 
specimens.     This  family  was  clearly  not  of  great  importance. 

The  Rhamnace8B,  although  represented  by  two  species,  are  few  in 
numbers  and  evidently  played  an  unimporant  rdle. 

To  the  Tiliace®  are  referred  two  species  of  Grewia,  one  of  which, 
G.  crenata^  is  a  well-known  European  Miocene  species.  It  is  most 
abundant  in  the  beds  at  Bridge  Creek,  but  a  few  examples  have  also 
been  found  in  the  Mascall  beds  at  Van  Horn's  ranch.  The  other  form, 
G.  auriculcUa  Lesq.,  rests  on  the  single  type  specimen,  no  others 
having  been  obtained.  It  is  possible  that  it  is  only  an  abnormal  leaf 
of  G.  erenata. 

The  family  Araliacese  is  represented  by  two  named  forms,  and  a 
number  so  poorly  preserved  as  to  render  specific  identification  unsafe. 
Thus  A.  digitocta  Ward  is  found  in  the  lowest  or  Cherry  Creek  locality. 
In  the  same  beds  is  another  broken  specimen  that  was  referred  to  Aralia 
notata  by  Lesquereux,  but  it  is  too  fragmentary  to  permit  of  a  satis- 
factory specific  determination.  The  locality  3  miles  above  Clarnos 
Ferry  has  afforded  two  fragments,  evidently  representing  quite  dis- 
tinct species  of  Aralia,  but  they  are  too  poor  to  warrant  specific  nam- 
ing. The  Mascall  beds  afford  a  single  specimen  that  is  referred  with 
some  doubt  to  A.  WhitneyL  It  is  a  smaller  leaf  than  is  usual  in  this 
species. 

The  families  Comacese  and  Ericacese  are  represented  by  a  single 
species  each,  the  first  by  Cornvs  ferox'i  Unger  and  the  latter  by  Andro- 
meda croMa  Lesq. 

The  Ebenaceae  are  represented  by  two  species  of  Diospyros,  D.  alas- 
kana  Schimper,  in  the  Cherry  Creek  deposits,  and  D,  elUptica^  a  new 
form  from  the  Mascall  beds.  The  latter  has  the  nervation  of  living 
American  species,  but  is  more  obtuse  at  apex  than  is  usual  in  these 
leaves. 

The  OleaceflB,  although  represented  by  only  two  species  of  Fraxinus, 
both  from  Bridge  Creek,  was  of  considerable  prominence,  judging 
from  the  number  of  individuals  present.  Fraxinus  vtxtegrifolia  Newb. , 
is  a  very  thick,  coriaceous-leaved  species. 

Under  the  name  of  Phyllites  there  are  a  number  of  peculiar  forms. 
Some  of  these  are  well  preserved  and  may  later  be  referred  to  more 
distinctive  places;  others  are  mere  fragments  too  small  for  adequate 
determinatioii. 
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GEOIXX3I0AL   (X)NftIDERAT10N8. 

We  now  come  to  a  consideration  of  the  bearing  of  the  fossil  flora  on 
the  age  of  the  beds  involved.  I  took  occasion  to  say  in  my  report  on 
the  plants  obtained  by  the  expeditions  of  the  University  of  California, 
under  the  charge  of  Dr.  Merriam:  "In  attempting  to  work  out  the 
bearing  of  the  plants  above  enumerated  on  the  question  of  the  age  of 
the  beds  it  should  not  be  overlooked  that  any  conclusions  drawn 
might  be  quite  diflFerent  from  what  they  would  be  were  the  whole 
flora  of  each  of  the  localities  to  be  considered."^  1  added,  however, 
that  the  conclusions  then  expressed  were  *'not  likely  to  be  greatly 
modified  by  subsequent  work."  The  truth  of  this  prediction  has 
been  satisfactorily  confirmed,  for  after  a  full  consideration  of  every 
known  species  or  form,  from  every  known  locality,  no  evidence  was 
forthcoming  to  modify  the  conclusions  then  expressed.  In  the  follow- 
ing pages  the  evidence  on  which  these  conclusions  rest  will  be  set 
forth  more  fully  than  the  space  then  at  my  disposal  would  permit. 

A  reference  to  the  table  given  on  page>j  89-92  shows  that  the  bulk 
of  the  flora  of  the  John  Day  Basin  has  come  from  Cherry  Creek, 
Bridge  Creek,  and  Van  Horn\s  i-anch  and  vicinity.  Very  few  species 
are  common  to  two  or  more  of  these  localities.  The  species  found  at 
the  several  other  scattered  localities,  as  will  be  shown  later,  naturally 
fall  under  one  or  another  of  these  three. 

LOWER  CI.ARSO  BEDS. 
CHERRY   CREEK. 

The  flora  of  Cherry  Creek,  to  which  may  be  added  that  from 
Currant  Creek,  which  is  clearly  the  same  horizon  and  only  a  short 
distance  away,  comprises  22  forms,  as  follows: 

Lygodium  Kaulfusii  Heer.  Ficus  tenuinervifl  Leeq. 

Asplenium  subsimplex  (Lesq.)  Kn.  Magnolia  lanceolata?  Lesq. 

Pteris  pseudo-pi nnaeformis  Lesq.  Magnolia  Culveri  Kn. 

*Lastrea  Fi8(!heri?  Ileer.  Cinnamomum  Dilleri  Kn. 

*Equisetum  oregonense  Newb.  *Rhamnu8  Cleburni  var  Lesq. 

*Salix  Schiniperi  Leeq.  Aralia  digitata  Ward. 

Juglans  rugosa  Lesq.  Aralia  sp. 

Juglans?  Bendirei  n.  sp.  *Comu8  ferox?  linger. 

Ilicoria?  oregoniana  n.  sp.  Diospyros  alaskana  St'himp. 

Quercus  furcinervis  americana  Kn.  *Phyllite8  wascoensis  Lesq. 

Quercus  sp.  Phyllites  sp. 

Of  the  forms  above  listed  2  are  new  to  science,  3  are  not  named 
specifically,  while  6  (those  marked  with  an  asterisk)  have  not  been 
reported  outside  these  beds,  leaving  11  species,  or  exactly  50  per  cent, 
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enjoying  a  distribution   beyond  the  limits  of  the  John   Day  Basin. 
Their  distribution  is  shown  in  the  following  table: 

Table  showing  the  extralimitai  d'uiribxUion  of  the  fossii  plants  from  the  Cherry  Creek 

locality. 


Species. 


X 


« 


O 


X 


X?     X 


Lygodium  Kaulfusii 

Aspleniam  subdmplex 

Pteris  peeudo-pinnseformis. . . 

Juglans  ru^osa 

Ficufl  tenuinervis 

Quercasfurcinervisamericana..' ! j i  X? 

Magnolia  lanceolata? ■ ' ' X 

Magnolia  Culveri ' i i ,  x 

Cinnamomum  Dllleri j X  ' i |-.. 

Aralia digitata | I X  ' |-.- 

Dio6pyro8  alaskana X? I  X? i !-.- 


Remarks. 


Plumas  County,  Cal. 
T^mar  flora. 


A  study  of  this  table  brings  out  the  fact  that  only  four  of  the  eleven 
species  have  been  found  above  the  Fort  Union  beds.  Of  these  four, 
Qicereus  furcinervu  americana  is  doubtfully  reported  from  the  sup- 
posed Miocene  of  Plumas  County,  California,  and  Magnolia  lanceolata 
is  doubtfully  identified  in  the  Cherry  Creek  beds.  Ficus  tenxuiiervis 
was  described  originally  from  the  Green  River  beds  of  -Wyoming,  and 
Magnolia  Cnlveri  from  the  Lamar  beds  of  the  Yellowstone  National 
Park.  The  remainder  have  been  found  in  the  Laramie,  Denver,  Fort 
Union,  and  the  Eocene  in  general. 

Of  the  species  previously  known  but  not  found  outside  the  Cherry 
Creek  beds,  Rhaimvas  Cl^mmi  var.  is  closely  allied  to  R.  Clebumi 
of  the  Denver  beds,  and  Comus  ferox  is  allied  to  an  Eocene  species. 

From  these  considerations  it  appeal's  that  the  plants  of  the  Cherry 
Creek  locality  point  to  the  lower  Eocene  age  of  the  beds. 

VPPER  CLARNO  BEDS. 
BRIDGE  CREEK. 

The  flora  of  Bridge  Creek  comprises  45  forms,  as  follows: 


Sequoia  Heerii  Lesq. 
Sequoia  Langsdorfii  (Brgt.)  Heer. 
MonocotyledoDOUfl  plant. 
Juglans  Schimperi?  Lesq. 
Juglans  acuminata?  Al.  Br. 
Juglans  crsrptata  n.  sp. 


Juglans,  nut  of. 

Hicoria?  sp. 

Carpinus  betuloidee  Unger. 

Corylus  MacQuarrii  (Forbes)  Heer. 

Betula  heteromorpha  n.  sp. 

Betula  heterodonta  Newb. 
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fietula  Bendirei  n.  sp. 
Betula  angustifolia  Newb. 
Alnus  carpinoides  Jjem\. 
AIdus  serrulata  fossil  is  Newb. 
Alnus  macrodonta  n.  sp. 
Alnufi  sp.,  fruit  of. 
Ahius  Kefersteinii  (Gopp.)  Unger. 
Quercus  paucidentata  Newb. 
Quercus  drymeja  Unger. 
Quercus  simplex  Newb. 
Quercus affinis  (Newb.). 
Quercus  consimilis  Newb. 
Quercus  Breweri  Lesq. 
Quercus  oregoniana  n.  sp. 
Ulmus  speciosa  Newb. 
Ulmus  Newberry  i  n.  sp. 
Ficus  planicostata  Lesq. 

Of  the  45  forms  here  enumerated,  6  have  not  been  specifically  named 
and  9  are  new,  leaving  30  previously  known,  of  which  16  have  not 
been  found  outside  of  these  beds.  It  thus  appears  that  about  30  per 
cent  of  the  entire  flora,  or  14  species,  has  an  outside  distribution. 
None  of  these  are  found  in  the  Cherry  Creek  beds  and  only  2  in  the 
Mascall  beds.  The  distribution  of  these  14  species  is  shown  in  the 
following  table: 

Table  showing  ejctrcUimUdl  dUtribiUion  of  fossil  plants  from  Bridge  Creek  locality. 


Berberis  simplex  Newb. 
Cinnamomum  Bendirei  n.  sp. 
Liquidamlmr  europfeum  AI.  Br. 
Platan  us  aspera  Newb. 
Platanus  Condoni  ( Newb.) . 
Cratiegus  fiavescens  Newb. 
Cassia?  sp.  Newb. 
Allan  thus  ovata  Lesq. 
Acer  Osmonti  n.  sp, 
Acer  sp. 

Sapindus  Merriami  n.  sp. 
Rhamnus  Eridani  Unger. 
Grewia  crenata  (Ung.)  Heer. 
Grewia  auriculata  Lesq. 
Fraxinus  integrifolia  Newb. 
Fraxinus  denticulata?  Heer. 


Species. 

1 

6 
S 

i 

> 

3 

1 

i_ 

1 

03 

1 

< 

X 
X 

I 

o 

X? 

X 

X 

"x* 

Remarks. 

Sequoia  Heerii -- 

Sequoia  Langsdorfii 

Juglans  Schimj>eri 

X? 

X 
X 

X 

X 

.... 

Juglans  acuminata 

1 

X 

Betula  angustifolia 

1 

Payette    forma- 
tion. 

Carpinus  betuloides 

Alnus  Kefersteinii ! 

X 

Quercus  drymeja '  - 

X 

'x? 

Quercus  Breweri 

1 

Ficus  planicostata 

X 

X 

1 

Liquioambar  europteum . 

X  1  X 

.... 

Rhamnus  Eridani 

X 

Grewia  crenata 

X? 

1 

Fraxinus  denticulata?. . . 

X? 

X 

:::::;;::::: 

i 

This  table  brings  out  the  fact  that  the  plants  of  Bridge  Creek,  when 
found  outside,  belong  to  a  higher  horizon.  One — Sequoia  Langsdorfii — 
has  been  reported  from  the  Upper  Cretaceous  at  Nanaimo,  British 
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Columbia,  but  it  is  doubtful  if  it  has  been  correctly  determined. 
Otherwise,  this  species  is  found  from  the  Fort  Union  to  the  Miocene. 
Flcn^  plarucimtata  is  of  rather  doubtful  occurrence  at  Bridge  Creek. 
It  is  a  Laramie  and  Denver  species.  Fraxhum  denticulata  is  also  a 
doubtful  form  at  Bridge  Creek;  it  has  been  reported  from  Evanston, 
Wyoming,  in  beds  supposed  to  be  of  Laramie  age,  and  in  the  Liv- 
ingston beds  of  Montana.  Juglans  Schimperi  is  found  in  the  Denver 
beds  at  Golden,  Colorado.  The  remaining  species  are  all  found  in  or 
above  the  Fort  Union  beds.  Two  are  found  in  the  Eocene  in  general, 
5  in  the  so-called  Eocene  of  Alaska,  5  in  the  Green  River  beds  of 
Wyoming,  and  2  (one  of  which  is  doubtful)  in  the  Miocene. 

The  conclusion  reached  in  my  preliminary  paper — that  these  beds 
should  be  regaixied  as  Upper  Eocene  in  age — appears  to  have  been 
justified.  The  fact  of  this  higher  distribution  than  the  plants  of 
Cherry  Creek  is  further  emphasized  by  a  review  of  the  species  related 
to  the  forms  indigenous  to  these  beds.  Thus,  the  species  described 
as  Juglans  cryptata  is  closely  related  to  J.  dentlcidata  Lesq.,  from 
the  Green  River,  Wyoming,  and  other  localities.  Quereus  consimilis 
is  related  to  Q,  drymeja^  reported  in  this  country  from  the  Green 
River.  Quereus  simpl^ex  is  related  to  Q.  consimilis^  differing  merely 
by  the  entire  margin,  while  Q.  Breweri  is  similarly  closely  related, 
differing  in  being  much  longer  and  narrower.  Ulmus  speciosa  is 
suggestive  of  U,  Braunii^  found  in  this  country  in  the  Green  River 
beds  at  Florissant,  Colorado.  The  species  I  have  described  as 
U.  Neioberryl  is  close  to  U,  speciosa^  being  smaller  and  narrower. 
Platanus  Condoni  is  clearly  related  to  P.  hasilobata  of  the  Fort  Union 
beds  of  Montana,  being  eWdently  a  more  highly  developed  form  than 
that  species.  Cratsogus  jlavescens^  which,  as  already  pointed  out,  is 
the  same  as  Lesquereux's  Myrlca  diverslfolia  as  identified  by  him  at 
Bridge  (Veek,  is  certainly  very  similar  to  the  originals  of  this  from 
Florissant,  Colorado.    This  list  could  be  further  extended  if  necessary. 

OTHER  LOCALITIES. 

There  are  a  number  of  other  localities  discovered  by  Dr.  Merriam 
that  are  evidently  the  same  age  as  Bridge  Creek.  None  of  them  have 
afforded  a  flora  of  more  than  three  or  four  species.     They  are  as  f ol  lows : 

ONE  AND  ONE-HALF  MILES  EAST  OP  CLARN06  FERRY. 

From  this  locality  the  following  species  have  been  obtained: 

Sequoia  Langsdorfii  (Brgt.)  Heer. 
Alnus  carpinoides  Leeq. 
Acer  sp. 

ONE-HALF  MILE  NORTHEAST  OF  FOflBIL. 

This  locality  has  yielded  the  following: 

Sequoia  Langsdorfii  (Brgt.)  Heer. 
Myrica?  personata  n.  sp. 
Abma  carpinoides  Lesq. 
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OFFICER'S  RANCH,   BITLER  BASIN. 


The  following  species  are  found: 
Quercufl  simplex  Newb. 
Quercus  consimilis  Newb. 
Platanus  Condoni  (Newb. )  Kn. 

These  species,  wherever  previously  known,  are  identical  with  those 
f roni  Bridge  Creek,  and  the  beds  are  referred  to  the  same  age. 

MASCALL  BEDS. 


VAN   HORN'S  RANCH   AND   VICINITY. 


This  flora  is  by  far  the  richest  thus  far  found  in  the  John  Day 
Basin.     Following  is  a  list  of  the  forms  identified: 


Equisetum  sp. 

Ginkgo  sp. 

Sequoia  Lanj^sdorfii  (Brgt.)  Heer. 

Sequoia  angusti folia  Lesq. 

Sequoia  sp. 

Thuites  sp. 

Glyptostrobus  Ungeri  Heer. 

Taxodium  distichum  miocenum  Heer. 

Taxodium,  male  aments  of. 

Phragmites  oeningensis  Al.  Br. 

Cyperacites  sp. 
*Smilax  Wardii  Lesq. 

Populus  Lindgreni  Kn. 
*Salix  Engelhardti  Lesq. 

Salix  Rseana?  Heer. 

Salix  varians  Gopp. 

Salix  angusta  Al.  Br. 

Salix  amygdalsefolia  I.<esq. 

Salix  pseudo-argentea  n.  sp. 

Salix  dayana  n.  sp. 

Salix  perplexa  n.  sp. 

Salix  mixta  n.  sp. 

Myrica  oregoniana  n.  sp. 

Juglans  oregoniana  Lesq. 
*Hicoria  eleenoides  (Ung. )  Kn. 

Carpinus  grandis?  Ung. 

Betula?  dayana  n.  sp. 

Abius  Kefersteinii?  (G()pp.)  Unger. 

Fagus?  sp. 
*Quercus  pseudo-lyrata  Lesq. 

Quercus  Merriami  n.  sp. 

Quercufl  duriuscula  n.  sp. 

Quercus  ursina  n.  sp. 

Quercus  dayana  n.  sp. 
*Quercu8  horniana  Lesq. 

Quercus?  sp.  Kn. 

Ulmus  plurinervia  Ung. 

Ulmus  calif omica?  Lesq. 

Planera  Ungeri  Ett. 
^Ficos?  oregoniana  Lesq. 


Artocarpus  califomica?  Kn 

Magnolia  lanceolata  Lesq. 

Magnolia  Inglefieldi  Heer. 

Berberis  ?  gigantea  n.  sp. 

Laurus  oregoniana  n.  sp. 
♦Hydrangea  Bendirei  (Ward)  Kn. 

Liquidambar  europseum  patulum  n.  var. 
*Liquidambar  protensum  ?  Ung. 

Liquidambar  pachyphyllum  n.  sp. 

Liquidambar  sp. 

Platanus  nobilis?  Newb. 

Platanus  aceroidee?  (GOpp. )  Heer. 

Platanus  sp. 

Crataegus  imparilis  n.  sp. 

Prunus?  Merriami  n.  sp. 

Prunus  tufacea  n.  sp. 
*Acacia  or^oniana  Lesq. 
*Rhus  Bendirei  Lesq. 

Rhus?  sp.  Lesq. 

Celastrus  dignatus  n.  sp. 

Celastrus  confluens  n.  sp. 

Acer  Bendirei  Lesq. 
*Acer  dimorphum  Lesq. 

Acer  Merriami  n.  sp. 

Acer,  branches  of. 

Acer  oregonianum  n.  sp. 

Acer  medianum  n.  sp. 

Acer  minor  n.  sp. 

Acer  gigaa  n.  sp. 

Rulac  crateegifolium  n.  sp. 

iBsculus  simulata  n.  sp. 

Sapindus  obtusifolius  Lesq. 

Sapindus  angustifolius?  Lesq. 

Sapindus  oregonianus  n.  sp. 

Grewia  crenata  (Ung. )  Heer. 
^Andromeda  crassa  Lesq. 

Diospyros  elliptica  n.  sp. 

Phyllites  bifurcies  n.  sp. 

Phyllites  inexpectans  n.  sp. 

Phyllites  peisonatos  n.  sp. 
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The  total  number  of  forms  represented  is  80,  of  which  number  11 
have  not  been  specifically  named,  and  80  sj^ecios  and  1  variety  are 
described  as  new  to  science.  The  remainder,  or  37  species,  are  those 
previously  known  from  these  beds.  Of  these  87  species,  12  (those 
marked  with  an  asterisk  in  the  preceding  list)  have  not  been  found 
beyond  the  limits  of  these  beds,  leaving  25  species  which  have  an  out- 
side distribution.     This  distribution  is  shown  in  the  following  table: 

Table  shotcmg  extralimital  duiribution  of  foml  plants  froyn  Van  IlortVs  ranch  and 

vicinity. 


Species. 


r 


Sequoia  Lansgdorfii 

Sequoia  angustif olia 

Glyptostrobus  Ungeri , 

Taxodium  distichum  miocenum. .    X 

Phraemites  oeningensis I . . . 

Populus  Lindgreni 

SalixRaeana? 

Salix  varians 

Salix  angusta 

Salix  amygdalsefolia 

Juglans  oregoniatia 

Carpinus  grandis? 

Alnus  Kerereteinii? 

Ulmus  plurinervia 

Ulmus  califomica? 

Artocarpus  califomica? 

Magnolia  lanceolata 

Magnolia  Ing^lefieldi 

Platanus  nobilis? '. i  X 

Platanus  aceroidee? 

Acer  Bendirei 

Sapindus  obtusifolius !  X 

Sapindus  angustifolius? 

Grewia  crenata I  x? 


X  1   X 
X?i   X  I 
X  I  X? 


as 

M 

3 

< 

O 

a> 

0) 

G 

8 

^ 

i^ 

X 


X? 


X 
X 


X 


Remarks. 


ITpper  Cretaceous. 


T^aramie  to  Pliocene. 


Whole  Tertiary. 


I^assen  County,  Cal. 
Laramie  to  Miocene. 

Bridge  Creek. 


In  my  report  on  the  collection  of  plants  from  Van  Horn's  ranch  ^ 
and  vicinity  obtained  by  Dr.  Merriam  I  made  the  following  statement: 
'*  The  flora  of  the  Van  Horn  ranch  finds  its  greatest  affinity  with  that 
of  the  Auriferous  gravels  and  with  allied  floras  of  California,  and  is 
to  be  regarded  as  upper  Miocene  in  age."  Since  writing  this  I  have 
brought  out  the  fact,  already  set  forth,  that  certain  of  the  species 
most  relied  upon  in  making  this  correlation,  such  as  Qv^rcus  paeudo- 

aUnlv.  Cal.,  Bull.  Dept  Geol.,  Vol.  II,  No.  9,  p.  809. 
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lyrata^  Juglaiis  oregonianu^  et<*.,  tbat  were  supposed  to  have  come  from 
the  Auriferous  gravels,  are  in  re-ality  confined  to  the  Van  Horn's 
ranch  locality.  This  correlation  therefore  fails,  and  the  age  of  the 
Van  Horn's  ranch  material  must  be  fixed  in  other  ways. 

The  table  on  the  preceding  page  shows  at  a  glance  that  the  geologic 
horizons  of  those  species  found  outside  these  beds  are  decidedly  higher 
than  those  of  either  of  the  floras  previously  considered.  Thus,  17 
species  out  of  25  are  found  in  the  Miocene.  The  oldest  beds  repre- 
sented, at  least  by  species  having  any  particular  value  for  fixing  the 
age,  is  the  Fort  Union,  which  contains  5  or  6  of  the  species  listed. 
Sequoia  LangBd^/i^fii  extends  throughout  the  entire  Tertiary,  and  pos- 
sibly even  into  the  Upper  Cretaceous.  Phragmites  amlngeTisis  extends 
from  the  Laramie  to  the  Pliocene,  but  it  is  at  best  a  doubtful  organ- 
ism, hard  to  identify  satisfactorily.  Salix  angnsta  is  another  species 
ranging  throughout  the  Tertiary,  but  it  is  simply  a  narrow-leaved 
willow  that  may  or  may  not  be  the  same  form  at  all  points  whei-e  it 
has  been  reported.  Seven  of  the  species  enumerated,  2  of  which 
are  doubtful,  are  found  in  the  Green  River  beds,  and  6,  one  of  which 
is  open  to  question,  have  been  found  in  the  Eocene  in  general.  Seven 
species  are  found  in  the  so-called  Eocene  of  Alaska,  which  was,  until 
recently,  regarded  as  of  Lower  Miocene  age. 

If  dependence  were  placed  exclusively  on  the  distribution  of  the 
above-mentioned  foniis  in  fixing  the  age  of  these  beds,  the  tendency 
would  be  to  regard  them  as  not  younger  than  Lower  Miocene,  or  even 
possibly  as  old  as  the  Upper  Eocene,  but  when  we  take  into  account 
the  affinities  and  relationships  of  the  forty  or  more  named  species  that 
are  confined  to  these  beds,  the  preponderance  of  evidence  would  seem 
to  relegate  them  to  an  age  as  young  as  Upper  Miocene.  Thus  the 
species  of  Salix  are  closely  allied  to  various  living  species,  such  as  S. 
argentea^  etc.  The  species  of  Quercus  are  distinctly  modern.  Quereus 
p8eudo-lyrata  is  hardly  to  be  [distinguished  from  Q.  lyrata;  Q,  Mer- 
riami  is  also  near  Q.  lyrcUa;  Q.  durkiseula  is  very  close  to  Q,  unitwr^ 
and  Q.  umiTia  to  the  living  Q.  nana.  The  form  referred  to  Artocarpvs 
califomica^  if  correctly  identified,  is  close  to  the  living  A.  incisa; 
Hydrangea  Bendirei  is  closely  related  to  several  living  species;  and 
the  species  of  Liquidambar  are  not  far  from  Z.  Styracijlua.  The  two 
species  referred  to  Prunus  are  close  to  the  living  P.  demiasa^  P.  vir- 
ginia/na^  etc.  The  maples,  are  very  modern  in  appearance,  being 
related  to  A,  saccharum^  A,  macrophyllum ^  etc.,  and  the  box  elder  is 
not  far  from  the  living  species.  The  species  described  9^  jEsculvs 
simvlata  is  similar  to  j£.  octandra  and  u£,  glabra. 

Taking  all  lines  of  evidence  into  account,  it  seems  warranted  to 
refer  these  beds  to  the  Upper  Miocene. 
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THE  FLORA  OF  THE  JOHN  DAY  BASIN  IN  OTHER  LOCALITIES. 

Before  leaving  this  subject  it  may  be  of  interest  to  give  a  short 
account  of  this  flora  as  it  has  been  recorded  at  several  localities  beyond 
the  limits  of  the  John  Day  Basin.  This  is  especially  desirable  since 
we  now  have  for  the  first  time  a  definite  knowledge  of  the  geological 
sequence  of  the  plant-bearing  beds  in  the  basin.  Up  to  the  date  of 
the  publication  of  Dr.  Merriam's  paper  on  the  geology  of  the  basin 
our  knowledge  of  the  interrelations  of  the  plant  beds  has  been  in  a 
much  confused  state.  This  confusion  is  in  large  measure  due  to  the 
fact  that  no  definite  localities  were  given  by  Lesquereux,  they  being 
simply  recorded  as  ''John  Day  Valley,  Oregon,"  and  so  it  came  to  be 
supposed  that  all  species  from  this  area  were  of  the  same  age.  This 
confusion  was  helped  along  by  Newberry,  who  placed  Cherry  Creek, 
Currant  Creek,  and  Bridge  Creek  in  the  same  horizon,  which  he 
referred  to  the  Miocene.  In  his  latest  publication  on  the  subject 
(Proc.  U.  S.  Nat.  Mus.,  Vol.  XI.  pp.  13-24)  Lesquereux  referred  the 
beds  at  Cherry  Creek  to  the  Laramie  and  the  Van  Horn's  ranch  deposits 
to  the  Miocene,  but  he  made  no  attempt  to  give  more  definite  localities 
for  the  forms  mentioned  in  his  earlier  reports.  It  was  possible  to  set- 
tle the  exact  locality  of  these  species  only  by  a  careful  study  of  the 
types,  which  are  the  property  of  the  University  of  California.  This 
investigation,  as  already  set  forth,  has  been  made,  and  the  results  are 
incorporated  in  the  foregoing  pages.  But  the  confused  condition  of 
our  knowledge  of  this  flora  has  made  its  impress  on  determinations  of 
the  plants  whenever  they  have  been  found  beyond  the  limits  of  the  John 
Day  Basin.  These  outside  floras  will  be  passed  in  review  and  the 
attempt  will  be  made  to  adjust  them  to  accord  with  our  present  fuller 
knowledge  of  the  type  section. 

So  far  as  I  now  know,  the  first  recognition  of  the  flora  of  the  John 
Day  Basin  beyond  the  original  limits  was  made  by  myself  in  a 
"Report  on  fossil  plants  from  near  EUensburg,  Washington,"  which 
was  published  in  1893  as  an  appendix  to  Bulletin  108  of  the  United 
States  Geological  Survey,  by  Prof  I.  C.  Russell,  entitled  '*A  Geological 
Reconnoissance  in  Central  Washington."  Ten  species  were  enumerated 
in  this  collection  as  follows: 

Sallx  varians  Gopp.  XJlmiis  pseudofulva  Leeq. 

Popalos  glandulifera  Heer.  PlatanuB  dissecta  Lesq. 

Popalus  Rnsselli  Kn.  Platanus  aceroicies?  (Gopp.)  Ileer. 

Alnne?  ep.  Paliurus  colombi  Heer. 

Ulmos  califomica  Lesq.  Magnolia  lanceolata  Le^q. 

Some  of  these  forms  were  recognized  by  Lesquereux  as  occurring 
at  Van  Horn\s  ranch,  although  they  have  not  all  been  admitted  in  the 
present  paper.     Popvlm  glandulifera  was  based  on  a  single  example, 
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which  I  have  considered  as  too  indefinite  to  be  entitled  to  recognition, 
and  Paliurus  colomhi  has  been  referred  to  Greiula  cre>Kita.  The 
examples  representing  these  species  at  Ellensburg  are  more  numer- 
ous and  better  preserved,  and  are  probably  correctly  determined. 
Salix  varian^j  which  is  represented  at  Van  Horn's  ranch  by  a  very 
few  examples,  is  extremely  abundant  at  Ellensburg,  and  I  have  also 
recognized  in  this  material  one  of  the  new  species  of  Salix  {8.  pseudo- 
argentea)  from  the  Mascall  beds.  A  number  of  the  Ellensburg  species 
are  also  common  to  the  Auriferous  gravels  of  California. 

As  I  pointed  out  in  the  report  on  the  Ellensburg  material,  there  can 
be  no  doubt  that  it  is  of  the  same  age  as  that  at  Van  Horn's  ranch,  a 
condition  further  emphasized  by  the  similarity  in  the  matrix,  that  from 
both  localities  being  a  white,  soft,  fine-grained  volcanic  ash. 

In  1892  Mr.  J.  S.  Diller  made  a  small  collection  of  fossil  plants  at 
a  point  6  miles  southeast  of  Ellensburg,  Washington,  that  contains, 
among  other  species,  some  well-preserved  examples  of  Platunm  dh- 
sec'ta.  The  matrix  is  also  similar  to  that  at  Ellensburg  and  Van  Horn's 
ranch,  and  the  age  of  the  beds  is  undoubtedl}'  the  same. 

In  1898  1  published  a  report  on  the  Fossil  Plants  of  the  Payette 
Formation.  The  name  Payette  formation  was  given  by  Mr.  Waldc- 
mar  Lindgren  to  a  series  of  lake  beds  along  the  Snake  River,  in 
western  Idaho.  The  flora  here  enumerated  embi*aced  32  forms,  of 
which  number  17  were  described  as  new  and  5  were  not  specifically 
named,  leaving,  as  then  known,  only  10  species  having  an  outside  dis- 
tribution. On  page  736  of  this  report  I  gave  a  table  showing  the 
extralimital  distribution  of  these  10  species.  On  referring  to  this 
table  it  will  be  seen  that  5  of  these  species  are  found  only  in  the  beds 
at  Bridge  Creek,  and  to  this  list  I  am  now  able  to  add  another  species 
{Sequoia  ang'ustffolia)^  thus  making  6  of  the  10  species  common  to  these 
two  localities.  A  number  of  forms  that  I  described  as  new  are 
undoubtedly  related  to  Bridge  Creek  species.  Thus  Qxierciis  simviata 
is  related  to  Q,  simplex^  and  Q,  idahoeims  and  Q,  payettensis  are 
both  more  or  less  closely  related  to  Q,  amshnilis.  Two  species 
{Juglans  hespei^ia^  which  I  have  now  referred  to «/.  oregarvlana  Lesq., 
and  Poyulus  Lindgrenl)^  described  as  new  in  the  Payette  formation, 
have  been  detected  in  the  Mascall  beds  at  Van  Horn's  ranch. 

In  this  report  the  Payette  formation  was  referred  to  the  Upper 
Miocene,  but  I  was  misled  by  the  knowledge  then  current  regarding 
the  position  of  the  Bridge  Creek  beds,  as  1  have  already  pointed  out, 
and  it  is  now  necessary  to  change  that  reference.  The  flora  of  the 
Payette  formation  undoubtedly  finds  its  greatest  aflBnity  with  that  at 
Bridge  Creek,  a  fact  recognized  all  along,  and,  like  it,  is  now  referred 


aElghteenth  Auu.  Ropt.  U.  8.  Geol.  Survey,  IH.  HI,  pp.  721-744;  Pis.  XCIX-CIl. 
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to  the  Upper  Ek)cene.  It  may  be  noted,  though  the  fact  is  perhaps 
not  of  great  importance,  that  the  matrix  in  which  the  plants  of  the 
Payette  formation  are  preserved  is  similar  to  that  at  Bridge  Creek. 

In  1900  I  published  a  short  paper  on  the  Fossil  Plants  associated 
with  the  Lavas  of  the  Cascade  Range,  ^  which  accompanied  a  paper 
by  Mr.  J.  S.  Diller,  on  The  Bohemia  Mining  Region  of  Western 
Oregon,  with  notes  on  the  Blue  River  Mining  Region  and  on  the 
Structure  and  Age  of  the  Cascade  Range.  It  was  with  the  latter  por- 
tion of  Mr.  Diller's  paper  that  my  own  had  especial  connection.  This 
paper  was  based  on  small  collections  that  had  been  made  by  Mr.  Diller 
and  others.  Six  localities  were  represented,  as  follows :  (1)  Left  bank 
of  the  Columbia  Rivey-,  near  the  mouth  of  Mojffats  Creek;  (2)  Com- 
stock,  Douglas  County;  (3)  1  mile  east  of  Murphy s  Springs,  south- 
east of  Ashland;  (4)  Coal  Creek,  Lane  County;  (5)  5  miles  directly 
north  of  Ashland;  and  (6)  3  miles  southeast  of  Ashland.  The  entire 
flora  comprised  only  28  forms,  of  which  10  were  described  as  new  to 
science  and  7  were  not  named  specifically,  leaving  but  11  species  with 
previously  known  distribution.  No  locality  was  represented  by  more 
than  10  forms  and  most  of  them  by  from  2  to  5  forms. 

The  species  composing  this  flora  were  compared  with  those  from  the 
John  Day  Basin  and  the  Auriferous  gravels  of  California,  and  were 
referred  to  the  Miocene.  In  the  light  of  our  present  knowledge  of 
the  type  section  in  the  John  Day  Basin,  certain  modifications  of  this 
reference  seem  necessary. .  I  hesitate,  however,  to  make  radical 
changes  in  my  former  determination  without  additional  material. 
When  taken  as  a  unit  this  flora  is  undoubtedly  similar  to  that  of  the 
John  Day  Basin,  considered  as  a  whole,  but  when  an  attempt  is 
made  to  relegate  the  species  from  individual  localities  to  one  of  the 
three  horizons  now  recognized  in  the  basin,  the  meagerness  of  the 
material  becomes  very  apparent.  With4;he  exception  of  the  first  of  the 
localities  to  be  mentioned,  the  following  tentative  classification  may  be 
made:  The  locality  on  the  Columbia  River  near  the  mouth  of  Moffats 
Creek  contains  Acer  Bendird  and  a  doubtful  leaf  of  Popukis  Zaddachi. 
The  first  of  these  species  is  so  characteristic  that  I  have  little  or  no 
hesitation  in  referring  it  to  the  same  age  as  the  Van  Horn's  ranch 
material,  namely.  Upper  Miocene.  The  localities  5  miles  north  of  Ash- 
land and  3  miles  southeast  of  Ashland  seem  to  be  more  closely  allied  to 
Bridge  Creek  and  are  probably  to  be  regarded  as  Upper  Eocene  in  age. 
Murphys  Springs  is  also  probably  the  same  in  age  as  Bridge  Creek, 
while  Coal  Creek,  in  Lane  County,  and  Comstock,  in  Douglas  County, 
seem  likely  to  be  older  Eocene  than  the  Bridge  Creek  beds.  But  I 
wish  to  emphasize  the  fact  that  these  are  purelj^  tentative  views,  and 
we  must  depend  upon  fuller  collections  to  settle  the  points  at  issue. 

a  Twentieth  Ann.  Rept.,  U.  S.  Geol.  Survey,  Pt.  Ill,  pp.  37-64,  pis.  1-6. 
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By  the  kindness  of  Dr.  Arthur  Hollick  I  have  been  enabled  to 
examine  a  number  of  unpublished  plates  of  fossil  plants  by  the  late 
Dr.  Newberry,  on  which  are  depicted  several  species  from  the  so-called 
^  Dalles  group,  at  the  Dalles  of  the  Columbia.  The  matrix,  I  am 
informed  by  Dr.  Hollick,  is  a  whitish,  very  coarse-grained  volcanic 
ash,  identical  in  appearance  with  that  bearing  fossil  plants  at  Kelly 
Hollow,  Wenas  Valley,  near  Ellensburg,  Washington.  These  plates 
were  not  published  by  Dr.  Newberry  and  simply  bear  provisional 
names  penciled  on  the  margins  of  the  plates.  These  species  are 
represented  as  follows: 

Acdcia,  or  Cassia  sp. — A  small,  even-pinnate  compound  leaf  of 
numerous  small  oblong  leaflets.  Nothing  similar  has  been  thus  far 
found  in  the  John  Day  Basin. 

^^Myrica  diversifolia  Lesq." — Two  figures  of  this  form  are  shown. 
They  appear  to  be  the  same  as  Crateegm  flavescens  Newb.,  from 
Bridge  Ci*eek. 

'*  Ulmus  sp." — Two  small,  coarsely  toothed  leaves  with  well-marked 
secondaries  ending  in  the  marginal  teeth.  Judging  from  the  drawings 
alone  I  should  incline  to  refer  these  leaver  to  a  smalt  form  of  Carpimis 
grandis  linger,  very  similar  to  some  forms  found  at  Bridge  Creek, 
and  not  to  Ulmus.  They  are  wholly  unlike  the  common  elm  leaves 
that  are  abundant  at  this  latter  locality. 

With  only  these  data  available  1  should  incline  to  regard  the  locality 
affording  them  as  referable  to  the  same  age  as  the  Bridge  Creek  beds, 
viz,  Upper  Clarno. 

From  the  facts  here  adduced  it  seems  beyond  dispute  that  the  condi- 
tions which  prevailed  in  the  John  Day  Basin  during  Tertiary  times 
were  much  more  far  reaching  than  the  mere  local  limits  of  the  basin; 
in  other  words,  that  the  formations  there  recognized  extended  as  far 
north  as  central  Washington,  east  into  northwestern  Idaho,  and  west- 
ward over  much  of  western  Oregon. 

SUMMARY. 

(1)  The  John  Day  Basin  lies  between  the  north  and  south  ranges  of 
the  Blue  Mountains,  in  north -central  Oregon.  It  covers  an  area  of 
approximate h'  1(),(MK)  square  miles  and  is  drained  by  John  Day  River 
and  its  tributaries.  It  has  been  the  scene  of  great  volcanic  activity, 
its  rock  masses  being  made  up  of  numerous  volcanic  flows,  with  alter- 
nations of  ashes,  tufas,  sands,  and  gmvels. 

(2)  No  detailed  geological  study  has  been  made  of  the  region,  but 
(contributions  to  this  subject  have  been  made  by  Le  Conte,  Condon, 
Marsh,  Cope,  Wortman,  Matthew,  and  Merriam,  the  most  important 
and  comprehensive  being  by  the  latter  author. 


Digitized  by 


Google 


KKowLTOJc.]  SUMMARY.  118 

(3)  Its  fossil  riches,  in  the  shape  of  mammalian  teeth,  were  first 
brought  to  scientific  attention  in  1861.  Since  that  time  an  extensive 
vertebrate  fauna  has  been  described  by  Leidy,  Cope,  Marsh,  Wort- 
man,  Merriam,  and  others. 

(4)  The  first  fossil  plants  were  found  at  Bridge  Creek  in  1862,  by 
Prof.  Thomas  Condon.  Since  that  date  collections  of  plants  have  been 
made  by  Condon,  Voy,  Bendire,  Merriam,  Osmont,  and  Knowlton. 
The  plants  have  been  studied  and  described  by  Newberry,  Lesquer- 
eux,  and  Knowlton. 

(5)  The  fossil  flora  of  the  John  Day  Basin,  as  set  forth  in  the  pres- 
ent paper,  comprises  150  forms,  distributed  among  37  natural  families 
and  the  anomalous  group  of  Phyllites.  Of  the  150  forms  enumerated, 
24  have  not  been  named  specifically,  and  44  species  and  1  variety  are 
described  as  new  to  science.     The  previously  known  species  number  81. 

(6)  The  known  fossil  floras  of  the  John  Day  Basin  are  all  of  Ter- 
tiary age.  The  oldest,  represented  by  the  localities  of  Cherry  Creek, 
Currant  Creek,  and  3  miles  above  Clarnos  Ferry,  is  referred  to  the 
Lower  Eocene.  It  is  in  the  lower  part  of  Merriam's  Clamo  formation. 
The  next  younger  in  age,  exposed  at  Bridge  Creek,  li  miles  east  of 
Clarnos  Ferry,  one-half  mile  northeast  of  Fossil,  and  Officer's  ranch 
in  the  Butler  Basin,  occupies  the  upper  part  of  the  Clamo  formation 
and  is  Upper  Eocene  in  age.  The  youngest  plant-bearing  beds  of  the 
region,  found  at  Van  Horn's  ranch  and  vicinity,  are  in  the  basal  por- 
tion of  the  Mascall  formation.    The  age  is  regarded  as  Upper  Miocene. 

(7)  From  the  facts  adduced  in  this  bulletin  it  is  concluded  that  the 
conditions  which  prevailed  in  the  John  Day  Basin  during  Tertiary 
times  extended  also  into  central  Washington,  northwestern  Idaho,  and 
western  Oregon. 
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Vm.  Figs.  1-3,  Spondylns  sp.;  4,5,  Modiola   (?)  sp.;  6-8,  Trigonia 

emorjri  CJonrad 54 

IX.  Grypluea  mncronata  Qabb 56 

X.  Exogyra  clarM  sp.  nov 58 

XI.  Exogyra  clarki  sp.  nov 60 

XTT.  Ptychomya  ragsdalei  (Cragin) 62 

Xin.  Fig.  1,  Ptychomya  ragsdalei  (Oagin);  2-4,  Cardium  (Grano- 
cardinm)  bndaense  sp.  nov.;  5-7,  Cardinm  (Protocardia)  texa- 

nnm  Conrad 64 

XIV.  Figs.  1-3,  Cardimn  (Protocardia)  vanghani  sp.  nov.;  4,5,  Iso- 

cardia  medialis  (Ck>nrad) _ 66 

XV.  Figs.  1,2,  Isocardia  medialis  (CJonrad) ;  3-6,  Pholadomya  roemeri 

sp.  nov - - 68 

XVI.  Figs.  1-3,  Homomyaanstinensis  sp.  nov.;  4, 5,  Homomya  vulgaris 

sp.  nov _ 70 

XVH.  Homomya  vulgaris  sp.  nov 72 

XVm.  Figs.  1, 2,  An>|tina  anstinensis  sp.  nov. ;  3,  Anatina  texana  sp.  nov.        74 
XIX.  Fig.  1,  Patella  sp.;  2,8,Trochus  sp.;  4-6,  Tnrritella  bndaensis  sp. 
nov.;  7,8,  Cerithitmi  (?)  texannm  sp.  nov.;  9,  Fnsns  texanns 

sp.  nov.;  10, 11,  Fnsus  sp 76 

XX.  Plexirotomaria  stantoni  sp.  nov 78 

XXI.  Harpagodes  shnmardi  (Hill) 80 

XXn.  CyprsBasp 82 

XXin.  Figs.  1, 2,  Nantilus  texanns  Shnmard;  3,  Nautilus  hilli  sp.  nov. . .        84 
XXIV.  Figs.  1 , 2,  Nautilus  texanus  Shumard;  3, 4,  Nautilus  hilli  sp.  nov . .        86 
XXV.  Figs.  1,  2,  Barroisiceras  texanum  sp.  nov.;  3,  4,  Barroisiceras 

hyatU  sp.  nov 88 

XXVI.  Fig.  1,  Orbicella  (?)  texana  Vaughan;  2,3,  Coral  sp 90 

XXVn.  Figs.  1-8,  Parasmilia  texana  Vaughan;  4,  5,  Trochosmilia  (?)  sp. 
indet.;  6,  Orbicella  (?)  texana  Vaughan;  7,  8,  Leptophyllia 

sp.  (No.  2);  9-11,  Leptophyllia  sp.  (No.  1) 92 

Fio.  1.  Section  of  Buda  limestone,  Del  Rio  clays,  and  Fort  Worth  lime- 
stone, at  Austin,  Tex 13 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Washington,  D.  C,  February  8,  1902. 
SiB:  The  accompanying  paper  by  Dr.  George  B.  Shattnck  on  the 
Mollosca  of  the  Bnda  limestone,  with  an  appendix  by  Mr.  T.  Way- 
land  Yaughan  on  the  Anthozoa  of  the  same  horizon,  records  all  that 
is  known  of  the  fauna  of  a  limited  formation  constituting  the  highest 
member  of  the  Comanche  series  in  Texas.  I  recommend  its  publica- 
tion as  a  bulletin. 

Very  respectfully,  T.  W.  Stanton, 

Paleontologist. 
Hon.  Charles  D.  Walcott, 

Director  United  Staies  Oeologicol  Survey, 
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THE  MOLLUSCA  OF  THE  BDDA  LIMESTONE. 


By  George  Burbank  Shattuck. 


PREFATORY  NOTE. 

During  the  winter  of  1893-94  the  Johns  Hopkins  XTniversity  came 
into  possession  of  a  valuable  collection  of  fossils  which  Mr.  Robert  T. 
Hill,  of  the  United  States  Geological  Survey,  had  assembled  during 
many  years  of  geologic  study  in  Texas.  Among  the  various  faunas 
represented  in  this  collection  the  fauna  of  the  Buda  limestone — so 
called  because  of  its  typical  development  at  Buda,  Tex. — presented 
an  interesting  problem  to  the  author.  Through  the  courtesy  of  Hon. 
C.  D.  Walcott,  Director  of  the  United  States  Geological  Survey,  and 
Mr.  Hill  the  author  was  enabled  to  accompany  the  latter  during  a 
portion  of  the  field  season  of  1894,  in  order  to  collect  from  the  Buda 
limestone  in  the  vicinity  of  Austin,  Tex. 

The  following  contribution,  which  is  the  result  of  a  study  of  the 
Buda  limestone  fauna,  has  been  prepared  under  the  supervision  of 
Prof.  William  B.  Clark,  to  whom  the  author  here  expresses  his  deep 
obligation.  He  also  extends  his  acknowledgments  to  Dr.  T.  W. 
Stanton,  of  the  United  States  Geological  Survey,  for  many  valuable 
suggestions  and  for  the  use  of  type  specimens,  and  to  Hon.  C.  D. 
Walcott  and  Mr.  Robert  T.  Hill,  through  whose  courtesy  the  author 
was  enabled  to  undertake  this  work.  The  late  Prof.  Alpheus  Hyatt 
was  consulted  regarding  the  ammonites. 

Mr.  T.  Wayland  Vaughan,  of  the  United  States  Geological  Survey, 
has  prei)ared  the  concluding  section  on  the  corals. 

HISTORICAIi  REVIEW. 

The  Buda  limestone,  although  possessing  considerable  thickness 
(40  to  80  feet)  and  recording  important  events  which  took  place  at 
the  close  of  the  Lower  Cretaceous,  is  so  concealed  beneath  younger 
beds  that  it  remained  for  a  long  time  unrecognized  by  the  various 
geologists  who  worked  in  Texas.  It  was  not  until  the  year  1889  that 
Mr.  Robert  T.  Hill  described  it  and  designated  it  by  the  name  "  Vola 
limestone,"  so  called  on  account  of  a  large  and  beautiful  Vola  which 
was  present  in  considerable  numbers  in  the  formation.® 

In  a  second  article*  Mr.  Hill  gave  a  section  in  which  he  assigned 

o  A  portion  of  the  geologic  story  of  the  Colorado  Biver  of  Texas:  Am.  Geologist,  May,  1889,  p.  8. 
bAii]iot.checkUBtof  the  Cretaceoos  invertebrate  fossils  of  Texas:  Bnll.Geol.  Sary.  Texas,  No.  4, 
p.  xir. 


Digitized  by 


Google 


10  M0LLU8CA    OF  THE   BUDA   LIMESTONE.  [no.  206. 

the  Vola  limestone — this  time  referring  to  it  as  the  "Shoal  Creek 
limestone,"  because  of  its  typical  exposure  in  the  limestone  bluffs 
along  Shoal  Creek  at  Austin,  Tex. — to  a  place  at  the  top  of  the 
Washita  division  of  the  Comanche  series;  that  is  to  say,  the  topmost 
bed  of  the  Lower  Cretaceous,  and  correlated  it  with  the  Ostrea  qiuid- 
riplicata  beds  of  Denison.  In  April  of  the  same  year  Mr.  Hill 
expressed  the  opinion  «  that  the  Buda,  limestone — here  speaking  of  it 
as  the  Vola  or  red  chalk  limestone,  because  of  the  red  blotches  found 
in  it — belonged  to  the  Washita  division,  a  series  of  strata  deposited 
by  continuous  sedimentation  during  the  first  profound  marine  subsi- 
dence, that  it  was  underlain  by  the  Exogyra  arietina  clays  and  over- 
lain by  the  Denison  beds,  that  its  fossils  consisted  of  the  characteristic 
Vola  quinquecostata  Sow.  and  an  undescribed  fauna,  and  that  the 
material  was  a  massive  lime  bed  with  oxidizing  iron,  the  total  thick- 
ness being  50  feet. 

Toward  the  close  of  the  year  Mr.  Hill  published  a  section  *  of  the 
Lower  Cretaceous  in  which  he  showed  that  it  belonged  to  the  Lower 
or  Grand  Prairie  formation  (Comanche  series),  with  the  Shoal  Creek 
or  Vola  limestone  at  the  top,  possessing  a  thickness  of  75  feet  and 
underlain  by  the  Exogyra  arietina  clays.  Nothing  further  was  pub- 
lished regarding  the  Shoal  Creek  limestone  until  1893,  when  Profs. 
W.  B.  Clark  *^  and  F.  W.  Cragin^  described  certain  of  its  fossils. 

The  following  year  Mr.  Hill  again  published  a  description*  of  the  Shoal 
Creek  limestone,  in  which  he  pointed  out  the  relations  of  the  under- 
lying and  overlying  beds  in  more  detail,  and  indicated  with  a  section 
(jhe  gradual  thinning  of  the  limestone  from  Del  Rio  through  Austin 
to  Waco,  where  it  disappeared.  The  red-colored  blotches  in  the  lime- 
stone, he  concluded,  were  due  to  oxidation  of  the  iron  in  minute 
glauconite  grains.  He  also  announced  the  discovery  of  foraminiferal 
remains  and  gave  a  list  of  fossils. 

In  1897  Dr.  T.  W.  Stanton  published  a  comparative  study  of  the 
Lower  Cretaceous  formations,-^  in  which  he  discussed  at  length  the 
features  of  the  Comanche  series  and  pointed  out  its  relations  to  the 
other  Lower  Cretaceous  formations.  He  also  mentioned  the  Shoal 
Creek  limestone  and  gave  a  summary  of  Hill's  classification  indicating 
its  relative  position. 

The  next  publication  referring  to  the  Shoal  Creek  limestone  appeared 
in  1898  as  a  bulletin  of  the  United  States  Greological  Survey,  under 


aEvents  in  North  American  Cretaceous  history,  etc.:  Am.  Jonr.  Sci.,  April,  1889, 3d  series.  Vol. 
XXX  Vn,  p.  290. 

fr  Relation  of  the  uppermost  Cretaceous  beds  of  the  eastern  and  sonthem  United  States:  Am. 
Jonr.  Sci.,  Dec.  1889,  Vol.  XXXVIH,  p.  470. 

oMesozoic  Echinodermata  of  United  States:  Bull.  U.  S.  G^eol.  Surv.  No.  97,  pp.  90-91,  pi.  XLIX, 
figs.  2,  a-i. 

dCont.  to  Invert.  Pal.  of  Texas  Cret.:  Fourth  Ann.  Bept.  Geol.  Surv.  Texas. 

<;Geol.  of  parts  of  Texas,  Ind.  Ter.,  and  Ark.,  etc.:  Bull.  G^eol.  Soc.  America,  vol.  5,  pp.  817-821. 

/A  comparative  study  of  the  Lower  Cretaceous  formations  and  faunas  of  the  United  States 
Jour.  QooL,  Vol  V,  pp.  671MB4. 
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the  joint  authorship  of  Messrs.  Hill  and  Yaughan.^  In  this  paper 
the  classification  of  the  gryphsBas  of  the  Texas  region  was  discussed, 
sx>ecies  were  described,  and  figures  were  given.  The  geographic  and 
stratigraphic  distribution  was  also  shown,  and  the  probable  relation- 
ship and  evolution  of  the  various  forms  of  Gryphwa  occurring  in  the 
Texas  region  were  indicated.  Before  the  close  of  the  year  the  same 
authors  published  another  paper,  discussing  the  relation  of  the  geology 
in  certain  parts  of  Texas  to  the  flow  of  underground  water.*  In  this 
paper  the  Shoal  Creek  limestone  was  described  and  its  relation  to  other 
strata  in  the  Cretaceous  series  was  pointed  out. 

The  latest  publication  dealing  with  the  Shoal  Creek  limestone  is  by 
Mr.  Hill.*  In  this  x)aper  Hill  substituted  the  name  **  Buda limestone" 
for  "  Shoal  Creek  limestone,"  and  summarized  the  leading  features  of 
the  formation. 
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GEOIX)GY  OF  THE  BUDA  I.IME8TONE. 

The  work  of  the  author  while  in  Texas  was  confined  to  collecting 
from  the  Buda  limestone  near  Austin,  while  the  task  of  determining 
the  geologic  relations  of  that  formation  and  mapping  its  areal  extent 
has  been  done  by  Mr.  R.  T.  Hill.  The  author  is,  therefore,  unable  to 
speak  regarding  the  geology  of  the  Buda  limestone,  except  as  that 
Information  has  been  published.  The  following  statement  is  conse- 
quently derived  entirely  from  the  description  by  Mr.  Hill,  given  in 
the  Twenty-first  Annual  Report  of  the  United  States  Geological  Survey. 

The  Lower  Cretaceous  formations  of  Texas  have  been  placed  collect- 
ively in  one  group,  called  the  Comanche  series.  The  Comanche  series 
is  again  divisible,  beginning  with  the  oldest,  into  the  Trinity,  Fred- 
ericksburg, and  Washita  divisions.  The  Washita  division  is  in  turn 
composed  of  several  formations,  which  varj^  in  number  and  extent 
from  one  locality  to  another.  The  city  of  Austin,  Tex.,  is  located  in 
the  midst  of  the  region  in  which  the  Buda  limestone  is  best  developed. 
There  it  is  found  typically  exposed  in  two  localities,  one  along  Shoal 
Creek,  on  the  northeastern  border  of  the  city,  and  the  other  at  Buda, 
about  14  miles  southeast  of  the  city,  on  the  International  and  Great 
Northern  Railway.  In  this  region  the  Washita  consists  of  three  for- 
mations. These  are,  beginning  with  the  oldest,  Georgetown,  Del  Rio, 
and  Buda.  The  Georgetown  formation  is  composed  principally  of 
limestone;  the  Del  Rio  formation  consists  of  an  unctuous  clay,  and  the 
Buda  formation  is  also  a  limestone. 

The  Buda  limestone  first  appears  south  of  the  Brazos  River,  where 
it  is  apparently  the  stratigraphic  continuation  of  the  Grayson  marls, 
which  occur  north  of  the  river.  As  the  Buda  limestone  is  traced 
southward  from  the  Brazos  it  becomes  more  clearly  defined.  This 
formation  was  first  named  the  Vola  limestone,  and  later  designated 
the  Shoal  Creek  limestone,  but  recently  it  was  found  that  that  name 
was  preempted  and  it  is  now  known  as  the  Buda  limestone.  It  has 
been  defined  by  Mr.  Hill  as  follows:* 

The  Buda  limestone  may  he  defined  as  the  uppermost  of  the  three  formations  of 
the  Washita  division  throughout  southern  Texas,  where  it  is  also  the  final  bed  of 

«  Tw«nty-flrst  Ann.  Rept.  U.  S.  Geol.  Survey,  Pt.  VII,  IflOl,  p.  288. 
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mestone. 


H>a«  layers. 


the  Lower  Cretaceons,  occupying  the  same  i>osition  in  the  southern  section  relative 
to  the  series  as  do  the  Grayson  marls  of  the  northern  section,  the  one  probably 
being  the  seaward  extension  of  the  other. 

The  Buda  limestone  is  best  exposed  in  the  steep  cliffs  of  Shoal  Creek, 
in  the  city  of  Austin,  in  the 
bluffs  of  Bonldin  Creek,  and 
on  the  outer  margins  of  Bar- 
ton Creek  Valley  south  of 
Austin,  ^t  is  also  found  well 
develoi>ed  at  Buda,  14  miles 
southwest  6t  the  city.  In  this 
region  the  limestone  Is  strati- 
fied in  layers  varying  in  thick- 
ness from  2  to  6  feet.  As  the 
strata  vary  somewhat  in  hard- 
ness and  power  to  withstand 
erosion,  they  are  affected  dif- 
erently  by  the  elements.  Cer- 
tain of  them  preserve  a 
smooth  surface,  others  ex- 
hibit a  shattered  and  rubbly 
appearance,  and  still  others 
break  down  into  a  fine  pow- 
der. These  last  are  apt  to 
give  place  to  recesses  or  cav- 
erns which  retreat  beneath 
overhanging  bluffs  of  more 
obdurate  material.  The  lime- 
stone when  first  fractured  pos- 
sesses a^  light  yellowish  drab 
ground  color,  specked  with 
spots  about  the  size  of  a  cori- 
ander seed,  but  on  weather- 
ing these  little  specks  oxidize 
to  a  yellowish  or  red  color,  and 
cause  the  surface  to  appear  as 
if  it  had  been  burned.  On  mi- 
croscopic examination  it  has 
been  found  that  these  little 
spots  are  fossil  foraminifera 
filled  with  a  mineral  sub- 
stance, possibly  glauconite, 
which  on  weathering  oxidizes  to  red.  The  limestone  as  a  whole 
appears  to  be  made  up  more  largely  of  foraminifera  than  any  other 
in  the  entire  Comanche  series. 

The  outcrop  of  the  Buda  limestone  is  not  extensive.     It  is  developed 
in  a  narrow  band  between  the  Del  Rio  clay  below  and  the  Eagle  Ford 


Me  of  Del  Rio  clays. 
InKeim  wacoensln. 


>(wll-bearlii«r  beds. 


II 


Fio.  1.— Section  of  Buda  liineetone,  Del  Rio  clays,  and 
Fort  Worth  limestone  at  Austin.  Tex. 
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formation  above,  extending  from  the  Brazos  to  the  Colorado  and 
southward  to  the  Rio  Grande.  Throughout  this  region  it  is  found 
exposed  in  many  places.  In  the  region  of  Austin  the  formation  is 
nearly  80  feet  thick,  and  it  increases  in  thickness  southward,  attain- 
ing on  the  Nueces  100  feet.  Northward  from  Austin  it  decreases  in 
thickness  at  the  rate  of  about  2  feet  a  mile,  until  at  Round  Rock  it  is 
only  20  feet  thick,  on  San  Gabriel  River  10  feet,  at  Moody  about  5 
feet,  and  at  Bosque ville,  on  the  Brazos  River,  it  is  represented  by  a  bed 
of  limestone  only  1  foot  in  thickness.  North  of  the  Brazos,  as  stated 
above,  it  merges  with  the  Grayson  marl  and  is  no  longer  distinguish- 
able as  a  limestone  stratum. 

Although  the  Buda  limestone  is  rich  in  fossils  the  remains  are  poorly 
preserved  and  are  often  represented  only  by  casts  or  molds.  Many 
of  these  forms  are  also  found  in  earlier  members  of  the  Comanche 
series.  The  following  is  a  list  of  the  fossils  of  the  Buda  limestone 
which  have  been  identified  and  described : 

lilST  OF  SPECIES  IN  BUDA  ULMESTONE. 


FORAMmiFEBA. 

Rotaliasp. 
Textularia  8p. 

ECHINODERMATA. 

Hemiaster  calvini  Clark. 
Pelecypoda. 

Pecten  roemeri  (Hill). 

Pecten  qoinquecostatns?  Sowerby. 

Pecten  duplicicosta  Boemer. 

Pecten  tezanus  Roemer. 

Lima  shnmardi  sp.  nov. 

Lima  wacoensis  Roemer. 

Lima  sp. 

G^rviUiopsis  invaginata  ?  ( Wh^te) . 

Inoceramns  sp. 

Pinna  sp. 

Spondylns  sp. 

Ostrea  sp. 

Alectryonia  sp. 

Gryphaea  mneronata  Gabb. 

E^ogyra  clarki  sp.  nov. 

Modiola?  sp. 

CncnllsBa  sp. 

Trigonia  emor3ri  Conrad. 

Ptychomya  ragsdalei  (Cragin). 

Cardimu  (Granocardiom)  budaense  sp. 
nov 

Cardinm  (Protocardia)  texanum  (Con- 
rad) 

Cardinm(Protocardia)yaaghanisp.  nov. 


Pachymya  anstinensis  ?  Shmnard. 
Isocardia  medialis  (Conrad). 
Pholadomya  roemeri  sp.  nov. 
Homomya  anstinensis  sp.  nov. 
Homomya  vulgaris  sp.  nov. 
Anatlna  anstinensis  sp.  nov. 
Anatina  tezana  sp.  nov. 

Gasteropoda. 

Patella  sp. 

Plenrotomaria  stantoni  sp.  nov. 

Trochns  sp. 

Tnrritella  budaensis  sp.  nov. 

Cerithinm  ?  texanum  sp.  nov. 

Harjiagodes  shnmardi  (Hill). 

Cypraea  sp. 

Fnsus  texanns  sp.  nov. 

Fnsns  sp. 

Cephalopoda. 

Nantilns  texanns  Shmnard. 
Nautilus  hilli  "^p.  nov. 
Barroisiceras  texanum  sp.  nov. 
Barroisiceras  hyatti  sp.  nov. 

Anthozoa. 

Parasmilia  texana,  sp.  nov. 
Trochosmilia  (?)  sp.  indet. 
Orbicella  (?)  texana  sp.  nov. 
lieptophyllia  sp.  (No.  1). 
Leptophyllia  sp.  (No.  2). 
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DESCRIPTIONS  OF  SPECIES. 

MOLLUSCA. 
PELECYPODA. 
PECTINID^. 

Genus  PECTEN  MQller. 

Pecten  roemeri  (Hill). 

Pis.  n-rv;  PI.  V,  fig.  1. 

Pecten  {Volaf)  roemeri  Hill,  1889,  Pal.  of  the  Gret.  Formations  of  Texas,  Pt.  1, 

PL  I. 
Pecten  (Vola)  roemeri  Hill,  1889,  Annot.  Check   List  Cret.  Invert.  Fossils  of 

Texas:  Bull  (Jeol.  Snrv.  Texas  No.  4,  p.  8. 

DimcTisions, — Length,  15  cm. ;  breadth,  14  cm. 

Description. — Shell  large,  compressed,  thick;  margin  scalloped, 
concavities  of  one  valve  receiving  the  convexities  of  the  other;  sub- 
octahedral;  equilateral,  unequivalved;  right  valve  subglobose,  left 
valve  slightly  convex;  hinge  line  straight,  two- thirds  length  of  shell, 
medial,  symmetrical,  reflected  toward  left  valve;  umbos  opposite, 
medial;  that  of  the  right  valve  prominent,  that  of  the  left  depressed; 
ears  equal,  produced,  conspicuous,  decorated  with  radiating  costsB. 
Surface  decorations  consist  of  six  major  radiating  ribs,  including 
between  them  groups  of  two  or  three  minor  costse.  In  the  region  of 
the  wings  the  cost»  are  of  uniform  strength.  Concentric  undulations 
are  also  prominent  and  lines  of  growth  well  marked. 

This  Vola  is  very  abundant  in  the  Buda  limestone,  and  suggested 
the  name  Vola  limestone,  by  which  this  formation  was  originally 
known.  Mr.  HiU,  in  discussing  the  Buda  (** Shoal  Creek")  limestone 
in  an  early  paper,**  referred  to  this  form  as  Vola  quinquecostata  Sow. 

Locality. — Shoal  Creek,  Austin,  Tex.;  Onion  Creek,  Buda,  Tex. 

This  form  has  never  been  reported  from  any  other  formation. 

Collections. — Johns  Hopkins  University;*  United  States  National 
Museum. 

aEyents  in  North  American  Cretaceous  history,  etc.:  Am.  Jonr.  Sci.,  April,  1889, 8d  series,  VoL 
XXXVn,p.290. 

bConceming  the  specimens  described  in  this  paper,  it  may  here  be  said  that  Mr.  Hill  collected 
those  in  possession  of  the  Johns  Hopkins  University,  while  those  in  possession  of  the  United 
States  National  Mnsenm  were  in  great  measure  collected  by  the  writer  for  the  United  States 
Qeological  Survey. 
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Pbcten  quinquecostatus?  (Sowerby). 

PI.  V,  figs.  2-4. 

Pecten  quinqueco8tatu8  Sowerby,  1814,  Min.  Conch.,  Vol  I,  p.  121,  tab.  56,  figs.  4-8. 
Pecten  ^adricostatus  Sowerby,  1814,  Min.  Conch.,  Vol.  I,  p.  121,  tab.  56, figs.  1,  2. 
Janira  quinquecostata  d'Orb.,  1846,  Pal.  Franc.  Terr.  Cr6t.,  Vol.  IQ,  p.  682,  pi. 

441,  figs.  1-5. 
Janira  quadricostata  d'Orb.,  1846,  Pal.  Franc.  Terr.  Cr6t.,  Vol.  HI,  p.  644,  pi. 

447,  figs.  1-7. 

Dimensions. — Length,  35  mm. ;  breadth,  4  em. 

Description. — Shell  medium  to  small;  outline  sinuous;  right  valve 
ventricose,  with  prominently  elevated  umbo;  ears  absent.  The  sur- 
face decorations  consist  of  five  prominent,  nwliating,  trifid  ribs,  of 
which  the  middle  individual  is  more  elevated  and  conspicuous  than 
either  of  the  lateral  members.  Each  of  the  spaces  between  the  five 
trifid  ribs  is  occupied  by  two  equal,  less  prominent  ribs,  which  also 
extend  from  the  umbo  to  the  margin.  All  the  specimens  of  left 
valves  in  the  collection  belong  to  immature  individuals.  They  are 
slightly  concave,  bear  six  major  radiating  ribs,  on  the  curved  surface 
of  which  are  three  or  four  minor  costse.  The  depressions  between  the 
major  ribs  are  broad  and  contain  two  costsB  each. 

The  specific  position  of  this  shell  has  been  subject  to  considerable 
dispute,  and  a  variety  of  opinions  have  been  expressed,  by  those  who 
have  described  it,  in  regard  to  its  correct  systematic  position.  This 
confusion  seems  to  be  due  to  a  variation  in  the  number  and  strength 
of  the  minor  costae.  In  determining  this  species  the  author  inclines 
to  refer  it  to  Pecten  quinqiiecostatus  rather  than  to  make  it  a  distinct 
species.     It  is  a  common  form  in  the  Buda  limestone. 

Locality. — Shoal  Creek,  Austin,  Tex.;  Onion  Creek,  Buda,  Tex. 

This  species  has  been  reported  from  the  Washita  limestone,  the 
Edwards  limestone,  and  the  Upper  Cretaceous  beds  of  New  Jersey. 

Collections. — Johns  Hopkins  University;  United  States  National 
Museum. 

Pecten  duplicicosta  (?)  Roemer. 

PI.  V,  fig.  5. 

Pecten  duplicicosta  Roemer,  1849,  Texas  etc.,  p.  898. 

Pecten  duplicicosta  Roemer,  1853,  Kreid.  von  Teicas,  p.  65,  PI.  Vm.  fig.  2,  a,  b. 

Description. — Shell  medium,  polygonal;  left  valve  very  globose. 
Decorations  consist  of  six  ridges  radiating  from  the  umbo  to  the  angles 
of  the  margin.  These  ridges  are  each  traversed  by  three  longitudinal 
ribs.  Each  of  the  spaces  between  the  ridges  is  occupied  by  three 
conspicuous  cost«. 

Roemer  described  his  type  specimen  as  having  all  the  secondary 
costaB  equally  developed,  while  in  the  specimen  described  here  the 
ribs  traversing  the  ridges  are  not  so  prominent  as  the  co8t»  located 
in  the  interspaces;  moreover,  the  form  here  described  is  not  so  wide 
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in  proportion  to  its  length  as  that  figured  and  described  by  Roemer, 
but  it  appears  to  have  suffered  compression. 

Locality, — Shoal  Creek,  Austin,  Tex. ;  Onion  Creek,  Buda,  Tex. 

This  species  occurs  in  the  Edwards  limestone. 

Collection, — United  States  National  Museum. 

Pecten  texanus  Roemer. 

PI.  V,  figs.  6-8. 

Pecten  cequicostatus  Roemer,  1849,  Texas  etc.,  p.  398. 

Pecten  texanus  Roemer,  1^52,  Kreid.  von  Texas,  p.  65,  PI.  Vm,  fig.  8,  a,  b. 

Neithea  texana  Conrad,  1857,  Rept.  U.  S.  Mex.  Bound.  Snrv.,  Vol.  I,  Ft.  11,  p.  151, 

PI.  V,  fig.  2,  a,  b. 
Pecten  texanus  Qabb.  1861,  Notes  on  Cret.  Fossils,  etc.:  Proc.  Acad.  Sci.,  Phil., 

p.  365. 

Dimensions, — Length,  31  mm. ;  breadth,  35  mm. 

Description, — Shell  medium,  triangular;  margin  polygonal;  left 
valve  globose;  umbo  curved  over  hinge  area;  ears  conspicuous;  hinge 
line  straight.  Decorations  consist  of  minute  concentric  striae  and  six 
prominent  rounded  ribs,  radiating  from  the  umbo  to  the  angles  of  the 
margin;  the  broad  spaces  between  them  are  each  occupied  by  two 
equal,  but  subordinate,  rounded  costfe,  whose  width  is  greater  than 
that  of  the  grooves  separating  them. 

A  young  individual  has  the  following  appearance :  8hell  small ;  mar- 
gin sinuous;  outline  triangular;  left  valve  glolwse;  umbo  produced. 
Decorations  consist  of  eighteen  radiating  costa?,  of  which  every  third 
costa  is  more  elevated  than  the  two  intermediate  individuals.  The 
right  valve  is  slightly  concave  and  decorated  with  twenty  narrow, 
radiating  ribs,  whose  disposition  is  regular. 

In  the  adult  specimens  figured  by  both  Connid  and  Roemer  the  ribs 
are  described  as  flattened.  This,  however,  is  not  the  case  in  these 
specimens. 

This  appears  to  be  a  rare  form  in  the  Buda  limestone. 

Locality, — Shoal  Creek,  Austin,  Tex. ;  Onion  Creek,  Buda,  Tex. ; 
Fish  Pond  Point,  Texas;  Bartons  Creek,  Travis  County,  Tex. 

This  si)ecies  is  common  throughout  the  Washita  division. 

Collection. — United  States  National  Museum. 

LJMID^. 

Genus  LIMA  Bruguiere. 

Lima  shumardi  sp.  nov. 

PI.  V,  fig.  11. 

Dimensions, — Length,  25  mm. ;  breadth,  26  mm. 
Description, — Shell  small,  thin,  oblique,  globose;  inequilateral,  pos- 
terior half  produced;   margins  serrated;  posterior  margin  rounded; 

Bull.  205—03 2 
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anterior  margin  almost  straight;  ventral  and  dorsal  margins  subpar- 
allel;  umbo,  hinge  line,  and  wings  missing.  The  decorations  consist 
of  about  30  low,  narrow  ribs  radiating  from  the  umbo  and  projecting 
over  the  margin,  causing  the  serrated  appearance  described  above. 
These  ribs,  which  are  more  pronounced  over  the  posterior  than  over 
the  anterior  region,  are  separated  by  broad,  flat  depressions  which 
carry  a  varying  number  of  radiating  hair-like  costaB.  Lines  of  growth, 
although  visible,  are  not  conspicuous  as  a  decorative  feature. 

This  form  resembles  L.  ivaeoensisy  but  may  be  distinguished  fi'om 
it  by  the  greater  number  of  large  ribs  and  the  presence  of  the  hair- 
like  cost©. 

Locality, — Uncertain;  probably  Austin,  Tex. 

Collection. — United  States  National  Museum. 

Lima  wacoensis  Roemer. 

PI.  V,  fig.  10. 

Lima  tvacoensis  Roemer,  1849,  Texas  etc.,  p.  399. 

Lima  wacoensis  Roemer.  1852,  Kreid.  von  Texas,  pp.  63-64,  PI.  Vin,  figs.  7,  a,b. 

Lima  wacoensis  Conrad,  1857,  Rept.  U.  S.  Mex.  Bound.  Snrv.,Vol.  I,  Pt.  n,p.  151, 

PI.  V,  fig.  4,  a,  b. 
Lima  leonensia  Conrad,  1857,  Rept.  U.  S.  Mex.  Bound.  Surv.,Vol.  I,  Pt.  n,  p.  151, 

PI.  V,  fig.  3,  a.  b,  c. 

Dimensions. — Length,  15  mm.;  breadth,  14  mm. 

Description. — Shell  small,  thin,  oblique,  globose;  outline  subovate; 
inequilateral;  ventral  and  dorsal  margins subparallel;  anterior  margin 
slightly  curved;  posterior  margin  elongate  and  rounded;  umbos 
approximate;  hinge  line^traight  and  oblique;  wings  small,  undeco- 
rated,  concave  margins.  Decorations  consist  of  about  20  small  ribs 
radiating  from  the  umbo.  These  ribs  are  of  unequal  size,  being 
larger  over  the  domed  region  of  the  shell  and  smaller  on  either  side. 

This  form  is  not  very  common. 

Locality. — Shoal  Creek,  Austin,  Tex. ;  Onion  Creek,  Buda,  Tex. 

This  form  has  also  been  found  in  the  Comanche  Peak  chalk,  the 
Washita  limestone,  and  the  Del  Rio  clays. 

CoUecHon, — United  States  National  Museum. 

Lima  sp. 
PI.  V.  fig.  9. 

Description. — This  form  is  represented  by  one  very  imperfect  cast 
of  the  interior  of  the  right  valve.  Shell  medium;  inequilateral; 
dorsal  margin  straight,  oblique,  inflected  at  an  angle  of  90  degrees; 
shell  most  strongly  arched  in  this  region,  sloping  away  in  all  direc- 
tions; posterior,  ventral,  and  anterior  margins  sinuous.  About  20 
delicate  radiating  ribs  are  indicated  on  this  cast. 

Locality. — Onion  Creek,  Buda,  Tex. 

Collection.— Vnitod  States  National  Museum. 
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PERNIDJE. 

Genus  GERVILLIOPSIS  Whitfield. 

GBBVILLIOPSIS  mVAGINATA  (?)  White. 

PI.  V,  fig.  12. 

DaUiconcha  invaginata  White,  1887,  New  Ctoneric  Forms  of  Cret.  Mol.,  etc.; 
Proc.  Acad.  Sci.  Phil.,  p.  35,  PI.  n,  figs.  4,  5. 

Description, — Shell  narrow,  depressed,  inequilateral;  greatly  pro- 
longed posteriorly;  moderately  thick;  shaped  and  curved  much  like 
the  blade  of  a  scythe;  central  ridge  running  down  its  entire  length 
midway  between  the  margins;  hinge  line  straight,  exhibiting  in  the 
imperfect  specimen  about  twelve  crenulations,  which  rapidly  increase 
in  length  until  those  directly  under  the  beak  are  about  2  cm.  long  and 
of  reduced  strength;  umbos  low  and  terminal;  decorations  obscure. 

The  only  specimens  of  this  form  are  casts  in  such  an  imperfect  state 
of  preservation  that  they  can  only  questionably  be  referred  to  the 
above-named  species. 

Locality. — Shoal  Creek,  Austin,  Tex. 

This  form  is  also  found  in  the  Marietta  and  Fort  Worth  beds  of 
northern  Texas. 

Collection. — United  States  National  Museum. 

Genus  INOCERAMUS  Sowerby. 
Inoceramus  sp. 

Dimensions. — Length,  42  mm. ;  breadth,  57  mm. 

Description. — Shell  medium;  margin  not  visible;  general  outline 
appears  to  be  subovate;  inequilateral,  anterior  portion  slightly  pro- 
duced ;  somewhat  ventricose ;  hinge  line  straight  and  situated  obliquely 
to  long  axis;  umbo  prominent,  produced,  curved  slightly  forward; 
locate  at  anterior  end  of  hinge  line,  ears  wanting.  Decorations  con- 
sist of  plications  and  striations  parallel  with  lines  of  growth. 

This  form  appears  to  be  very  rare  in  the  Buda  limestone.  The 
.  only  specimen  of  this  species  is  a  cast  of  the  interior  right  valve. 

Locality. — Onion  Creek,  near  International  and  Great  Northern 
Railroad  crossing,  Travis  County,  Tex. 

Collection. — United  States  National  Museum. 

PINNIDuE. 

Genus  PINNA  Linn»us. 

Pinna  sp. 

Pis.  VI,  VII. 

Description.— Shell  elongate,  subtriangular;  increasing  rapidly  in 
breadth  from  the  pointed  anterior  to  the  rounded  posterior  end ;  breadth 
not  less  than  6  cm. ,  length  not  less  than  16  cm.    A  preserved  shell  f  rag- 
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ment  is  situated  near  the  posterior  end  of  the  right  valve  and  bears 
on  the  surface  equidistant,  longitudinal  furrows,  while  the  cast  of 
the  inner  surface  of  the  left  valve  shows  growth  lines  converging  at 
the  anterior  end.  These  ridges  are  less  conspicuous  over  the  posterior 
portion  of  the  valve. 

In  the  Buda  limestone,  Pinna  is  a  common  form,  but  preserved 
almost  entirely  as  casts.  Of  the  eight  specimens  at  hand,  only  two 
possess  fragments  of  a  shell,  and  these  are  too  poorly  preserved  to  be 
of  use  in  specific  determination. 

Locality. — Shoal  Creek,  Austin,  Tex. ;  Onion  Creek,  Buda,  Tex. 

Collections, — Johns  Hopkins  University;  Unit^  Stiites  National 
Museum. 

Genus  SPONDYLUS  LinnaDus. 
Spondylus  sp. 
PI.  VIII,  figs.  1-3. 

Divieiusions. — Length,  40  mm. ;  breadth,  5  cm. 

Description. — Shell  medium,  moderately  thick,  ventricose,  inequi- 
lateral, produced  anteriorly;  umbos  prominent,  bent  forward.  Deco- 
rations consist  of  wavy,  radiating  ribs  of  medium  strength,  bearing 
at  intervals  l)osses,  which  probably  are  the  remnants  of  former  spines. 

To  this  description  may  be  added  that  of  certain  smaller  forms 
which  are  probably  the  young  of  this  species.  The  shell  is  thin, 
small,  globose;  margin  fluted;  outline  subovate;  inequilateral; 
inequivalved;  lower  right  valve  produced  in  direction  of  anterior 
margin;  large  sear  at  point  of  attachment.  The  only  decorations  are 
fine,  irregular,  radiating  lines,  every  sixth  one  of  which  is  strength- 
ened and  bears  the  remnants  of  spines.  The  upper  valve  is  also  pro- 
duced anteriorly,  and  beai*s  decorations  analogous  to  those  on  the 
right  valve. 

All  of  these  fonns  are  badly  mutilated  and  it  is  therefore  impossible 
to  determine  the  species  definitely. 

Locality. — Shoal  Creek,  Austin,  Tex. 

Collections. — Johns  Hopkins  University;   United  States  National 

Museum. 

OSTREID^. 

Genus  OSTREA  Linna3us. 
OSTREA  sp. 

Description. — This  genus  is  represented  by  a  fragment  of  a  right 
valve,  of  which  only  the  inner  surface  is  visible.  The  oyster  was 
hirge,  and  possessed  near  the  ventral  margin  a  conspicuous  conceive 
muscle  impression.    The  margin  is  scalloped  and  the  surface  is  smooth. 

Locality. — Shoal  Creek,  Austin,  Tex. 

Collection. — United  States  National  Museum. 
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Geuus  ALECTRYONIA  Fischer. 

Alectryonia  sp. 

Description. — Shell  medium,  thick,  corrugated;  margin  with  the 
characteristic  alectryonian  fluting.  The  ribs,  some  of  which  show 
the  bifid  habit,  are  strong  and  sharp  and  radiate  from  the  umbonal 
portion  of  the  valve. 

As  only  a  portion  of  one  valve  is  present,  it  is  impossible  to  accu- 
rately determine  this  8i)ecie8. 

Locality, — Uncertain,  probably  Shoal  Creek,  Austin,  Tex. 

CoUecilon. — United  States  National  Museum. 

Genus  GRYPII^A  Lamarck. 

Gryph^a  mucronata  Gabb. 

PI.  IX. 

(^rj^AccajwYc/iert  Roemer  (not  Morton),  1849,  Texas,  etc.,  pp.  394-895. 
Oryphcea  pitcheri  Roemer,  1852,  Kreid.  von  Texas,  pp.  73-74,  Pl.  IX,  fig.  la,  b,  c. 
Oryphcea  pitcJieri  var.  navia  (in  part)  Hall,  1856,  Rept.  Expl.  and  Snrv.  R.  R. 

from  Miss.  River  to  Pacific,  Vol.  Ill,  Pt.  IV,  p.  100. 
Oryphcea  pitcheri  var.  navia  Conrad  (in  part),  1857,  Rept.  U.  S.  Mex.  Bound. 

Surv.,  Vol.  I,  Pt.  n,p.  155. 
Oryphcea  jntcheri  Owen  (not  Morton),  1860,  Second  Rept.  Geol.  Snrv.  Arkansas, 

pl.  7,  fig.  6. 
Oryphcea  mucronata  Gabb,  1869,  Geol.  Surv.  Cal.,  Palaeontology,  Vol.  n,,  pp. 

274-275. 
Ostrea  pitcJieri  Coquand  (in  part) ,  1869,  Mon.  dn  G^nre  Ostrea  Terr.  Cr^tac6,  p. 

40,  Pl.  IX,  figs.  9-12. 
Oryjihcea  navia  (Conrad  in  part)  White,  1884,  Fourth  Ann.  Rept.  U.  S.  Q^ol. 

Surv.,  p.  302,  Pl.  XLIX,  figs.  3-6. 
Oryphcea  mucronata  HiU  and  Vaughan,  1898,  Bull.  U.  S.  G^ol.  Surv.  No.  151,  pp. 

63-65,  Pis.  XXIV-XXX. 

Dimensions. — Length,  35  mm.;  breadth,  4  cm. 

Description. — Shell  laterally  subtrihedral ;  margin  straight;  inequi- 
valved ;  inequilateral;  lower  valve  very  globose  and  thick  in  umbonal 
region,  gradually  thinning  toward  the*  ventral  margin;  beak  promi- 
nent, submedial,  slightly  bent  posteriorly;  hinge  line  straight;  liga- 
mental  fossa  narrow,  deep,  curved;  inside  of  shell  smooth;  anterior 
and  jMJsterior  margins  prominently  elevated,  the  latter  more  than  the 
former,  imparting  to  the  form  a  compressed  aspect  in  the  direction  of 
its  length.  Surface  decorations  consist  of  undulating  lines  of  growth 
more  or  less  elevated  at  their  margins,  and  a  deep  groove  extending 
from  beak  to  ventral  edge,  a  little  anterior  to  the  posterior  margin. 
Right  valve  subcircular,  decorated  externally  with  concentric  lines 
of  growth. 

This  is  a  common  form  at  the  base  of  the  Buda  limestone. 
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Locality. — Shoal  Creek,  Austin,  Tex. ;  Onion  Creek,  Buda,  Tex. 

Hill  and  V'aughan,  who  have  worked  out  this  form  with  great  care, 
state  that — 

Gryphcea  mucronata  occnrs  in  greatest  abundance  in  the  upper  portion  of  the 
Del  Rio  (Exogyra  arietina)  beds  and  in  the  base  of  the  overlying  Shoal  Creek 
limestone  from  the  Brazos  southward  to  the  Guadalupe.  It  is  well  shown  in 
Shoal  and  Barton  creeks,  near  Austin.  North  of  the  Colorado  it  occurs  abun- 
dantly in  the  Grayson  beds  overlying  the  Main  street  limestone,  as  near  Handley, 
a  few  miles  east  of  Fort  Worth,  and  northward  toward  Red  River  at  Denlson. 
It  also  occurs  in  the  Trans-Pecos  region  and  as  far  west  as  Sonora,  according  to 
Gtebb.« 

Collection, — United  States  National  Museum. 
Genus  EXOGYRA  Say. 
Exogyra  clarki  sp.  nov. 

Pis.  X,  XI. 

Dimensions. — Length,  72  mm. ;  breadth,  105  mm. 

Description. — Shell  large,  somewhat  thicker  in  umbonal  region  than 
at  margins;  outline  elliptical  to  oval;  inequival ved ;  inequilateral; 
lower  valve  very  globose,  elongated  in  the  direction  of  its  breadth, 
compressed  in  the  direction  of  its  length;  umbo  distinctly  recurved, 
adherent,  interior  of  shell  smooth,  as  deeply  concave  as  surface  is 
convex;  muscle  impression  subcentral.  Concentric  with  and  a  little 
below  the  periphery  is  a  broad,  shallow  groove  which  is  produced  by 
the  sudden  expansion  of  the  margin.  This  groove  receives  the  mar- 
gin of  the  upper  valve.  The  decorations  consist  of  concentric  lines 
of  growth  with  undulating  margins;  as  the  crest  of  each  undulation 
disappears  beneath  that  of  the  one  just  preceding  it,  irregular  ribs 
are  produced  which  radiate  from  the  umbo  and  distribute  themselves 
over  the  surface.  The  upper  valve  presents  a  warped  appearance,  as 
if  it  had  suffered  compression  in  the  direction  of  its  length;  interior 
surface  smooth;  muscle  impression  subcentral;  hinge  line  straight; 
exterior  surface  shows  concentric  and  elevated  lines  of  growth,  which 
constitute  its  only  decoration. 

This  species  differs  from  Exogyra  costata  Say  in  being  less  ponder- 
ous and  broader  in  proportion  to  its  length,  and  from  Exogyra  sinuata 
var.  americana  Marcou  in  being  smaller,  more  convex,  and  in  rising 
less  abruptly  from  the  margin  in  the  umbonal  region.  It  is  easily  dis- 
tinguished from  Exogyra  ponderosa  by  the  fact  that  it  is  far  less 
ponderous  and  possesses  growth  lines  which  are  more  rugged  and 
sinuous  at  their  margins. 

A  few  specimens  of  this  species  have  been  found  in  the  Buda 
limestone. 

Locality, — Shoal  Creek,  Austin,  Tex. 

Collection. — United  States  National  Museum. 


a  BuU.  U.  8.  Oeol.  Survey  No.  161, 1808,  pp.  64-66. 
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MYTUilDJB, 
Genus  MODIOLA  Lamarck. 

MoDioi^  (?)    sp. 
PI.  vm,  figs.  4,5. 

Description, — Shell  medium,  slightly  inflated ;  margin  absent.  Deco- 
rations consist  of  pronounced  undulations  approximately  parallel  with 
the  lines  of  growth,  so  disposed  that  series  of  three  or  four  concen- 
trate themselves  into  one  ridge,  which  is  more  prominent  and  less 
curved  than  any  one  of  the  separate  individuals. 

All  the  specimens  are  fragmentary  casts  of  the  external  surface. 

Locality. — Onion  Creek,  Buda,  Tex. 

Collection. — United  States  National  Museum. 

ARCTD^. 

Genus  CUCULL^A  Lamarck. 

CUCULLuEA  sp. 

Dimensions. — Length,  85  mm. ;  breadth,  63  mm. 

Description. — Shell  large,  inequilateral,  posterior  end  greatly  pro- 
duced; ovate-triangular,  ventricose;  posterior  margin  subtruncate; 
ventral  margin  extensive,  slightly  curved;  anterior  margin  short, 
sharply  curved;  umbos  very  strong  and  conspicuous;  situated  at 
anterior  end  of  form,  bending  forward  and  inward;  both  muscle 
impressions  strong;  pallial  line  entire;  cast  shows  faint  indications 
of  radial  ribbing. 

This  forms  appears  to  be  rare.  This  collection  possesses  three 
internal  casts.  It  bears  a  striking  resemblance  to  CucuHcza  termi- 
nalis  Conrad:  Rept.  U.  S.  Mex.  Bound.  Surv.,  Vol.  I,  Pt.  II,  p.  148, 
PI.  IV,  figs.  2,  a,  b. 

Locality. — Shoal  Creek,  Austin,  Tex. ;  Onion  Creek,  Buda,  Tex. 

Collection. — United  States  National  Museum. 

TBIGONIID^. 

Genus  TRIGONIA  Brugui^re. 

Trigonia  emoryi  Conrad. 

PI.  vm,  fig.  (^. 

Trigonia  emoryi  Conrad,  1857,  Rept.  U.  S,  Mex.  Bound.  Surv.,  Vol.  I,  Pt.  11,  p. 
148,  pi.  8  fig.  2,  a,  b,  c. 

Dimensions. — Length,  6  cm. ;  breadth,  4  cm. 

Description. — Shell  medium,  thick,  veiy  much  swollen  about  the 
anterior  region;  posterior  end  greatly  produced;  anterior  margin  fall- 
ing away  rapidly  with  a  bold  curve;  posterior  and  ventral  margins 


Digitized  by 


Google 


24  MOLLUSCA    OF   THE   BUDA   LIMESTONE.  [no.  205. 

absent;  umbos subterininal,  approximate,  slightly  produced,  recurved; 
muscle  impi'ession  large,  subcentral.  The  decorations  consist  of 
thirty  or  more  strong,  curved  tubercled  ribs  becoming  indefinite  pos- 
teriorly. These  ribs  change  direction  in  passing  over  the  area,  so  as 
to  form  a  chevron-like  arrangement,  and  after  changing  direction 
again,  pass  over  the  escutcheon. 

The  specimens  of  this  species  are  almost  entirely  confined  to  casts. 
The  above  description  has  been  made  from  a  wax  impression,  supple- 
mented by  the  anterior  fragment  of  a  shell. 

Locality. — Shoal  Creek,  Austin,  Tex.;  Onion  Creek,  Buda,  Tex.; 
Bartons  Creek,  Austin,  Tex. 

This  form  has  also  been  reported  from  the  Lower  Washita. 

Collection, — United  States  National  Museum. 

CRASSATELiIilD^. 

Genus  PTYCIIOMYA  Agassiz. 

Ptychomya  ragsdalei  (Cragin). 

PI.  XII,  PI.  xin,  fig.  1. 

Pholadomya  ragsdalei  Cragin,  1895,  Des.  Invert.  Fossils  from  Comanche  series 
of  Texas,  Kansas,  and  Indian  Territory:  Fifth  Ann.  Pnb.,  Colorado  CoU. 
Studies,  pp.  58-59. 

Description, — Shell  medium  to  large,  subovate,  depressed;  inequi- 
lateral, somewhat  produced  posteriorly;  hinge  line  broa<l  and  slightly 
curved;  umbos  low,  dinH»ted  forward;  two  cardinal  teeth  dirt»eted 
backward,  one  posterior  lateral  tooth;  mantle  entire.  Decorations 
consist  of  three  systems  of  ribs.  The  one  most  extensive  and  con- 
spicuous occupies  the  broad  middle  portion  of  the  shell;  its  ribs, 
about  twenty-five  or  thirty  in  numl)er,  radiating  from  l)eak  to  margin 
and  carrying  numerous  tubercles.  The  second  system,  situated  in 
front  of  the  first,  consists  of  short  curved  ribs  which  take  their  origin, 
not  from  the  umbo,  but  from  the  anterior  margin  of  the  fii*st  system, 
and  produce  with  it  the  effect  of  chevrons,  with  the  angle  directed 
toward  the  umbo.  The  third  system,  being  very  narrow,  is  less  con- 
spicuous than  either  of  the  others,  is  located  at  the  posterior  margin, 
and  consists  of  strong  corrugations,  originating  in  the  same  manner 
as  the  second  system,  but  differing  from  it»in  being  V-shaped,  with 
the  apex  turged  away  from  the  beak. 

This  appears  to  be  a  rather  common  form,  but  is  poorlj^  preserved, 
the  specimens  being  represented  only  as  casts.  The  description  was 
made  from  wax  impressions. 

Locality, — Shoal  Creek,  Austin,  Tex. ;  Onion  Creek,  Buda,  Tex. 

This  form  is  also  found  in  the  Main  Street  limestone  at  Denison. 

Collections, — Johns  Hopkins  University;  United  States  National 
Museum. 
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CARDIIDuE. 

Genus  CARDIUM  Linnseus. 

Subgenus  GRANOCARDIUM  Gabb. 

CARDIUM  (GRANOCARDIUM)  BUDAENSB  sp.  nov. 
PI.  Xra,  fig.  2-4. 

Dimensions. — Length,  45  mm. ;  breadth,  55  mm. 

Description. — Shell  medium,  thin,  cordate,  slightly  inequilateral; 
anterior  portion  somewhat  produced;  very  globose,  especially  toward 
the  dorsal  region,  sloping  from  here  abruptly  posteriorly  and  more 
gently  anteriorly  and  ventrally;  hinge  line  slightly  curved;  umbos 
conspicuous,  produced,  incui*ved,  located  a  little  posteriorly  to  the 
center  of  the  hinge  line;  anterior  muscle  impression  strong,  posterior 
impression  larger,  but  less  conspicuous.  Surface  decorations  consist 
of  numerous  smooth,  radiating  ribs,  separated  by  narrow  grooves, 
from  which  arise  alternate  rows  of  coarse,  long  spines  and  minute 
granules. 

This  form  differs  from  Cardlum  {Oranocardium)  sabidosum  Gabb 
by  possessing  only  one  row  of  smaller  tubercles  between  the  large, 
while  sabtdosum  possesses  two  and  three  rows  of  smaller  tubercles 
between  the  large. 

Locality. — Shoal  Creek,  Austin,  Tex. ;  Bouldin  Creek,  Austin,  Tex., 
contact  with  Eagle  Ford  shales;  Onion  Creek,  Buda,  Tex. 

Collections. — Johns  Hopkins  University;  United  States  National 
Museum. 

Subgenus  PROTOCARDIA  Beynch. 
Cardium  (Protocardia)  texanum  Conrad. 

PI.  xm,  figs.  5-7. 

Cardium  (Protocardia)  texanum  Conrad,  1857,  Rept.  U.  S.  Mex.  Bomid.  Surv., 
Vol.  I,  Ft.  n,  p.  150,  PI.  VI,  fig.  6,  a,  b.  c. 

Dimensions. — ^Length,  8G  mm. ;  breadth,  87  mm. 

Description. — Shell  small  to  very  large,  thick,  very  globose,  slightly 
inequilateral;  anterior  portion  somewhat  produced;  umbones  promi- 
nent, produced,  curved  slightly  downward  and  forward;  posterior 
margin  slightly  truncated;  anterior  and  ventral  margins  rounded; 
toward  the  posterior,  shell  slopes  more  rapidly  than  toward  either  the 
ventral  or  anterior  margins.  Decorations  consist  of  about  fifteen 
radiating  ribs,  roughly  parallel  with  the  posterior  margin,  and  the 
remainder  of  the  shell  (about  four-fifths)  is  covered  with  coarse  con- 
centric undulations  parallel  with  the  lines  of  growth  and  gradually 
increasing  in  strength  toward  the  margin.  In  large  specimens  these 
undulations  carry  on  their  surfaces  faint  longitudinal  striations. 
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This  species  is  rather  common  in  the  Buda  limestone. 

Locality. — Shoal  Creek,  Austin,  Tex.;  Bartons  Creek,  Travis 
County,  Tex. ;  Onion  Creek,  Buda,  Tex.  This  form  has  also  been 
found  in  the  Comanche  Peak  chalk  and  the  Washita  limestone. 

Collection, — United  States  National  Museum. 

Cardium  (Protocardia)  vaughani  sp.  nov. 

PI.  XIV,  fig.  1-3. 

Dimensions, — Length,  G  cm. ;  breadth,  65  mm. 

Description, — Shell  medium,  moderately  thick,  cordate,  slightly 
inequilateral;  very  globose;  umbos  prominent;  anterior  margin 
truncated;  posterior  and  ventral  margins  slightly  curving,  uniting  at 
an  obtuse  angle;  muscle  impressions  deep.  Decorations  consist  of 
thirty  or  more  fine,  radiating  ribs  confined  to  the  posterior  region  and 
occupying  about  one-quarter  of  the  shell  surface,  the  remaining  thi'ee- 
quarters  being  almost  smooth. 

This  form  differs  from  Cardium  hiUanum  in  being  truncated  ante- 
riorly, in  possessing  a  larger  number  of  ribs,  and  in  having  the 
remainder  of  the  shell  smooth. 

Locality, — Not  indicated. 

Collection. — Johns  Hopkins  University. 

PACHYMYID^. 

Genus  PACIIYMYA  Sowerby. 
Pachymya  austinensis  (?)  Shumard. 

Pachymya  austinensis  Shumard,  1859,  Trans.  Acad.  Sci.  St.  Louis,  Vol.  I,  pp. 

604-605. 
Pachymya  austinensis  White,  1879,  Cont.  to  Invert.  Palae.    No.  1,  Cret.  Fossils  of 

West.  States  and  Terr.:  Eleventh  Ann.  Rept.  U.  S.  Qeol.  and  Q«og.  Surv. 

Terr.,  p.  298,  pi.  8,  figs.  1,  a,  h,  and  pi.  5,  figs.  7,  a,  b. 
Pachymya?  austinensis  Hill,  1889,  Annot.  Check  List  Cret.  Invert.  Fossils  of 

Texas:  Bull.  Geol.  Surv.  Texas  No.  4,  p.  15. 

Description, — The  following  is  Shumard's  original  description: 
"Shell  very  large,  length  more  than  double  the  width  and  less  than 
double  the  thickness;  greatest  width  near  the  center,  where  the  shell 
is  very  gibbous;  subangulated  diagonally  from  the  posterior  side  of 
the  beak  to  the  anal  extremity  and  sloping  to  the  margins;  posterior 
slope  broad;  sides  constricted  anteriorly  by  a  broad,  shallow  depres- 
sion, which  commences  some  distance  below  the  beaks  and  extends 
obliquely  downward  and  backward  to  the  base;  superior  and  inferior 
margins  subparallel;  buccal  end  very  short,  narrowly  rounded;  anal 
end  obliquely  truncated,  gaping,  angulated  at  extremity;  pallial  mar- 
gin concave  in  the  middle,  rounded  before  and  very  gently  convex 
posteriorly;  beaks  nearly  terminal,  flattened,  incurved,  approximate; 
surface  marked  with  irregular,  concentric  lines  of  growth. 

'* Length,  6.30  inches;  width,  2.30;  thickness,  3.64." 
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The  si)ecimens  of  this  species  are  too  fragmentary  to  permit  of  a 
I)08itive  specific  determination.  They,  however,  most  strongly  resem- 
ble Pachymya  austinensis  Shnmard,  and  are  therefore  questionably 
referred  to  that  species.  As  it  is  impossible  to  describe  forms  as 
poorly  preserved  as  those  at  the  disposal  of  the  author,  he  has  taken 
the  liberty  to  quote  the  original  description  made  by  Shumard.  The 
form  described  by  Shumard  came  from  the  Fort  Worth  beds  below 
the  Buda  limestone. 

Locality, — Shoal  Creek,  Austin,  Tex. 

Collections. — ^Johns  Hopkins  University;  United  States  National 
Museum. 

CTPRrNlD^. 

Genus  ISOCARDIA  Lamarck. 

IsocARDiA  MEDiALis  (Conracl). 

PI.  XIV,  figs.  4,  5;  PI.  XV,  figs.  1,  2. 

Cardium  mediale  Conrad,  1857,  Rept.  U.  S.  Mex.  Bonnd.  Surv.,  Vol.  I,  Pt.  n,  p. 
149,  PI.  IV,  fig.  4,  a,  b. 

Isocardia  (?)  medialis  Hill,  1893,  Pal.  Cret.  Form.  Texas:  Proc.  Biol.  Soc.  Washing- 
ton, Vol.  VIU,  pp.  31-82,  PI.  n,  figs.  4,  5,  and  PI.  m,  fig.  6. 

Dimensions. — Length,  6  cm. ;  breadth,  6  cm. 

Description. — Shell  medium  to  very  large,  thick,  very  globose,  sub- 
circular;  equivalved;  inequilateral;  anterior  and  posterior  margins 
subtruncate;  ventral  margin  profoundly  and  irregularly  curved; 
hinge  line  curved;  teeth,  two  strongly  developed  cardinals  and  one 
posterior  lateral  in  each  valve;  ligament  external;  ligamental  gi*ooves 
deep;  umbos  prominent,  produced,  curved  downward  and  forward; 
anterior  muscle  Impression  strong  and  deep;  posterior  weak  and 
large,  not  often  visible  on  poorly  preserved  specimens.  The  surface 
of  the  shell  is  decorated  with  fine  concentric  striations. 

The  majority  of  the  specimens  of  this  species  are  preserved  as  casts, 
from  two  of  which  impressions  of  the  hinge  area  have  been  obtained, 
thus  allaying  the  doubt  expressed  by  Mr.  Hill  in  his  description. 
Certain  of  the  casts  vary  slightly  from  the  type  in  possessing  less 
prominent  beaks.  One  large  specimen  is  less  globose  than  one  would 
expect,  considering  the  size,  and  has  probably  suffered  compression, 
as  suggested  by  Mr.  Hill  in  the  description  of  the  same  species  from 
the  Glen  Rose  beds. 

Locality, — Shoal  Creek,  Austin,  Tex.;  Bouldin  Creek,  Austin, 
Tex.,  contact  with  Eagle  Ford  shales;  Onion  Creek,  Buda,  Tex. ; 
north  of  Waters  \^  miles,  Austin  and  Northwestern  Railroad; 
Williamsons  Creek,  near  Travis  County,  Tex.  This  form  has  also  been 
reported  from  the  Comanche  Peak  chalk. 

Collections. — Johns  Hopkins  University;  United  States  National 
Museum. 
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PnOLADOMYID^. 

Genus  PIIOLADOMYA  Sowerby. 

Pholadomya  roemeri  sp.  nov. 

PI.  XV,  figs.  8-6. 

Dimensions. — Length,  8  cm. ;  breadth,  7  cm. 

Description. — Shell  large,  very  globose,  inflated  anteriorly,  becom- 
ing less  so  ventrally,  depressed  posteriorly;  inequilateral;  prolonged 
posteriorly;  margin  truncated  anteriorly,  oblique,  describing  a  wide 
curve  ventrally  and  dorsally;  hinge  line  straight,  slightly  inclined 
backward;  umbos  inflated,  conspicuous,  produced,  curved  downward 
and  forward,  and  located  at  anterior  end  of  hinge  line.  Decorations, 
as  indicated  by  the  cast,  consist  of  radiating  ribs  which  extend  from 
a  line  a  little  behind  the  umbonal  ridge  to  the  anterior  margin.  The 
remainder  of  the  shell  is  smooth.  The  ribs  consist  of  series  of  tuber- 
cles arranged  in  rows  extending  from  umbo  to  margin,  the  space 
between  two  contiguous  tubercles  being  about  equal  to  the  diameter 
of  the  tubercle  itself. 

This  collection  possesses  two  casts  of  this  species,  from  which  the 
description  has  been  made.  The  form  resembles  Cardium  sancti-sdbcp 
Roemer,  but  differs  from  it  in  having  the  post-umbonal  region  more 
inflated,  in  being  more  truncated  anteriorly,  in  the  greater  acuteness 
of  the  anterior- ventral  marginal  angle,  and  in  the  oblique  curve  of  the 
ventral  margin  from  this  point  backward. 

Locality. — Shoal  Creek,  Austin,  Tex. ;  Onion  Creek,  Buda,  Tex. 

Collection. — United  Stat<^s  National  Museum. 

Genus  IIOMOMYA  Agassiz. 

IIOMOMYA   AUSTINKNSIS  sp.  UOV. 
PI.  XVI,  figs.  1-8. 

Dimensions. — Length,  7  cm. ;  breadth,  5  cm. 

Description. — Shell  medium,  somewhat  globose;  equivalved;  inequi- 
lateral; produced  posteriorly;  anterior  margin  short,  slightly  curved; 
ventral  margin  gently  curved;  posterior  margin  not  whole  in  specimen, 
probably  gaping;  dorsal  margin  straight,  subparallel  with  ventral 
margin;  umbos  conspicuous,  elevated,  globose,  curved  downward, 
inward,  and  slightly  forward,  situated  near  anterior  end  of  shell.  The 
decorations  consist  of  concentric  growth  lines  of  about  equal  strength. 
This  form  may  be  easily  distinguished  from  H.  vidgarui  by  the  fact 
that  it  is  much  short-er  and  broader  in  proportion  to  its  thickness.  It 
is  also  much  more  compressed. 

Locality. — Shoal  Creek,  Austin,  Tex. 

Collection. — Johns  Hopkins  University. 
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HOMOMYA  VULGARIS  Sp.  nOV. 

PI.  XVI,  figs.  4^;  PI.  XVn. 

Dimensions. — Length,  104  mm. ;  breadth,  48  mm. 

Description, — Shell  large,  thin,  elongate-ovate,  globose;  equivalved; 
inequilateral;  greatly  produced  posteriorlj'^;  margin  straight,  ante- 
rior margin  very  short,  slightly  curved;  ventral  margin  prolonged, 
extending  backward  with  a  long,  gentle  curve;  posterior  margin 
oblique  downward,  joining  the  ventral  margin  with  a  bold  curve; 
dorsal  margin  straight,  subparallel  with  ventral;  umbos  very  globose, 
elevated,  approximate,  in  contact,  curving  inward,  downward,  and 
slightly  forward;  situated  at  the  anterior  end  of  shell;  anteriorly 
closed;  posteriorly  gaping;  posterior  portion  produced  and  curved 
upward.  The  decorations  consist  of  concentric  lines  of  growth  vary- 
ing in  intensity. 

This  form  is  longer  and  thicker  than  H,  austinensis  in  proportion 
to  its  breadth. 

This  form,  which  is  very  common  in  the  upper  portion  of  the  Buda 
limestone,  is  poorly  preserved  and  has  usually  suffered  considerable 
deformation. 

Locality, — Shoal  C^reek,  Austin,  Tex.;  Bouldin  Creek,  Austin, 
Tex.,  contact  with  Eagle  Ford  beds;  Onion  Creek,  Buda,  Tex. 

Collections, — Johns  Hopkins  University;  United  States  National 
Museum. 

ANATINID^. 

Genus  ANATINA  Lamarck. 

Anatina  austinensis  sp.  nov. 
PI.  XVni,fig8. 1,2. 

Dimensions, — Length,  75  mm.;  breadth,  38  mm. 

Description, — Shell  medium,  thin,  elongate-ovate,  somewhat  glo- 
bose; equivalved;  inequilateral;  anterior  end  greatly  produced; 
umbos  low,  curved  backward  and  downward,  removed  from  the  pos- 
terior end  a  distance  equal  to  one- third  the  long  diameter  of  the  shell; 
ventral  margins  slightly  curved  and  in  contact,  anterior  and  posterior 
margins  about  equally  rounded,  gaping;  slight  concavity  in  side  of 
form  immediately  under  umbo.  The  decorations  consist  of  concen- 
tric undulations  parallel  with  the  lines  of  growth.  This  form  may  be 
distinguished  from  A,  texana  on  account  of  its  smaller  size,  lack  of 
the  pronounced  depression  in  front  of  the  umbos,  as  well  as  by  the 
fact  that  the  umbos  are  situated  nearer  the  anterior  end. 

The  collection  possesses  one  specimen  of  this  form,  which  is  in  a 
very  poor  state  of  preservation. 

Locality. — Shoal  Creek,  Austin,  Tex. 

Collection, — United  States  National  Museum. 
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Anatina  texana  sp.  nov. 
PL  XVm,  fig.  3. 

Dimensions, — Length,  10  cm. ;  breadth,  55  mm. 

Description. — Shell  large,  ovate,  slightly  globose;  equivalved;  ine- 
quilateral; posterior  region  more  contracted  and  more  sharply 
rounded  than  anterior;  umbos  subcentral,  produced,  bent  back- 
ward and  downward ;  margins  in  contact  ventrally,  gaping  at  either 
end;  cardinal  margin  concave  at  posterior  side  of  beak,  sloping  away 
gently  anteriorly;  ventral  margin  slightly  concave  immediately  under 
the  umbos,  subparallel  with  dorsal  margin.  Surface  of  shell  slightly 
concave  below  the  umbos;  deep  groove  bending  downward  and  back- 
ward, located  just  in  front  at  the  base  of  the  umbos;  surface  shows 
faint  concentric  ridges  parallel  with  lines  of  growth. 

This  form  is  larger  than  A.  ausUnenms,  It  has  a  pronounced  depres- 
sion in  front  of  the  umbos,  and  the  umbos  are  situated  in  about  the 
middle  of  the  dorsal  side. 

The  only  specimen  of  this  form  is  an  imperfect  cast. 

Locality, — Shoal  Creek,  Austin,  Tex. 

Collection. — United  States  National  Museum. 

GASTEROPODA. 

PATELIilDuE. 

Genus  PATELLA  Linnajus. 

Patella  sp. 

PI.  XIX,  fig.  1. 

Dimensions. — Height,  5  mm.;  breath,  17  mm. 

Description. — Shell  small,  compressed,  conical;  apex  central  and 
erect;  aperture  circular;  diameter,  19  mm.  Decorations  consist  of 
fine  concentric  lines  crossed  by  radial  ridges  bearing  much- weathered 
tubercles,  concentrically  arranged  about  the  apex. 

The  collection  possesses  a  single  si)ecimen  of  this  form. 

Locality. — Shoal  Creek,  Austin,  Tex. 

Collection. — ^Johns  Hopkins  University. 

PLEUROTOMAKIIDJE. 

Genus  PLEUROTOMARIA  de  France. 

Pleurotomaria  stantoni  sp.  nov. 

PI.  XX. 

Dimensions. — Height,  65  mm.;  breadth,  80  mm. 

Description. — Shell  large,  elevated,  having  the  form  of  a  broad- 
based  cone;  umbilicated;  suture  distinct;  whorls  few,  increasing 
rapidly  and  regularly  in  size;  aperture  not  present;  slitband  groove- 
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like,  narrow,  traceable  along  the  surface  of  each  whorl,  midway 
between  the  upper  and  lower  margins;  short,  transverse  ribs  con- 
verge backward  toward  the  groove;  those  below  are  thickly  set, 
comparatively  inconspicuous,  and  bear  three  tubercles  each ;  those 
above  are  pronounced,  less  thickly  placed,  and  bear  likewise  tuber- 
cles; spaces  between  these  ribs  broad,  each  one  offsetting  a  rib  of  the 
underlying  series;  lower  margin  of  each  whorl  bound  with  a  i-evolv- 
ing  cord-like  ridge  bearing  tubercles;  under  surface  of  body-whorl 
decorated  with  revolving  ridges  on  which  are  tubercles  so  arranged  as 
to  give  the  effect  of  transverse  ribs  converging  toward  the  center. 

The  internal  cast  of  this  form  resembles  that  of  Pleuroioniaria 
austinensis  Shumard,  but  the  shell  may  be  readily  separated  from  it 
by  the  fact  that  in  P.  stantoni  the  decoration  is  very  rugged  and 
ornate,  and  the  fine  revolving  lines  present  in  P.  austinensis  are 
absent. 

Locality. — Shoal  Creek,  Austin,  Tex. ;  Bartons  Creek,  Travis  County, 
Tex. ;  Onion  Creek,  Buda,  Tex. 

Collection. — United  States  National  Museum. 

TROCHID^. 

Genus  TROCnUS  Linn^us. 
Trochus  sp. 

PI.  XIX,  figs.  2,  3. 

Dimensions. — Height,  15  mm. ;  breadth,  17  mm. 

Description. — Shell  small,  pyramidal,  moderately  elevated;  whorls 
four,  slightly  globose,  increasing  in  size  regularly  and  slowly;  aper- 
ture and  surface  decorations  wanting. 

This  species  is  represented  in  the  collection  by  one  small  imperfect 
cast.     The  specific  determination  is  therefore  imi)os8ible. 

Locality. — Shoal  Creek,  Austin,  Tex. 

Collection. — ^Johns  Hopkins  University. 

TURRITEIjIill)^. 

Genus  TURRITELLA  Lamarck. 

TURRITBLLA  BUDAENSIS  Sp.  nOV. 
PI.  XIX,  figs.  4-6. 

Dimensions. — Breadth,  10  mm. 

Description. — Shell  medium,  elevated,  spireform;  whorls  numerous; 
sutures  conspicuous;  imperforate;  aperture  not  fully  preserved;  outer 
lip  thin.  Decorations  consist  of  four  revolving  ridges  bearing  tuber- 
cles. In  the  higher  regions  of  the  spire  these  ridges  are  uniformly 
developed,  but  in  the  adult  portion  of  the  shell  the  two  middle  ribs 
are  more  emphasized  than  those  on  either  side;  the  spaces  between 
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are  occupied  with  hair-like  lines,  of  which  one  or  two  are  slightly 
larger  than  the  others. 

This  form  differs  from  both  T,  seriatim-gramdata  Roemer  and 
T.  planHateris  Conrad,  in  having  four  in  place  of  five  ribs,  and  from 
the  latter  in  having  the  two  middle  ridges  most  conspicuous.  The 
presence  of  four  tubercled  ribs,  instead  of  six,  provides  a  ready  means 
of  separation  from  T,  marnochi  White. 

Locality, — Shoal  Creek,  Austin,  Tex. ;  Bouldin  Creek,  Austin,  Tex., 
contact  with  Eagle  Ford  shales;  Bartons  Ci-eek,  Travis  County,  Tex.; 
Onion  Creek,  Buda,  Tex. 

CoUecticms, — Johns  Hopkins  University;  United  States  National 
Museum. 

CEU1TII1II>^. 

Genus  CERITHIUM  Adanson. 

CERITHIUM   (?)   TEXANUM  Sp.  nov. 
PL  XIX,  fiKs.  7,  8. 

Diviensioiis. — Breadth,  10  mm. 

Description. — Shell  medium;  spire  elevated;  whorls  more  than  six; 
form  narrow,  imperforate;  whorls  small;  aperture  missing,  canal  at 
the  anterior  extremity.  Decorations  consist  of  numerous  transverse, 
slightly  curved  ribs,  each  one  of  which  is  transformed  into  a  tubercle 
at  the  upper  part  by  means  of  a  constriction;  these  tubercles  often 
are  a  direct  continuation  of  the  ribs,  but  may  at  times  alternat-e  with 
them. 

This  form  appears  to  be  rare  in  the  Buda  limestone,  for  the  collec- 
tion contains  but  two  specimens;  one  is  an  imperfect  shell  and  the 
other  is  a  portion  of  an  external  cast.  The  generic  determination  is 
therefore  doubtful. 

Locality, — Shoal  Creek,  Austin,  Tex. ;  Bouldin  Creek,  Austin,  Tex. 

Collections, — Johns  Hopkins  University;  United  States  National 
Museum. 

STROMBID^. 

Genus  IIARPAGODES  Gill. 

Harpagodes  shumardi  (Hill). 

PI.  XXI. 
Pterocera  shumardi  HiU,  1889,  Pal.  Cret.  Form.  Texas,,  PI.  II. 

Dimensions, — Height,  115  mm. ;  breadth,  107  mm. 

Description, — The  following* is  IliU's  original  description:  '* Shell 
cylindrical,  subfusiform,  smooth,  with  outer  lip  expanded  and  flat- 
tened into  a  conspicuous  wing;  apex  pointed;  columella  not  seen, 
canal  reflected  as  in  dotted  lines,  but  destroyed  in  chiseling  specimen 
from  massive  stone  in  which  it  was  embedded.     Whorls  eight,  the 
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lower  being  two-thirds  the  length  of  the  shell;  sutures  slight;  \^ing8 
three,  ribbed  or  fingered  in  the  specimen  figured,  but  there  are  indi- 
cations that  there  were  formerly  two  more,  making  five  in  all;  margin 
is  strongly  indented  between  the  termini  of  the  fingers;  surface 
marked  by  strong  parallel  lines  of  growth." 

This  form  is  rather  common  in  the  Buda  limestone. 

Locality, — Shoal  Creek,  Austin,  Tex. ;  Onion  Creek,  Buda,  Tex. 

Collections. — Johns  Hopkins  University;  United  States  National 
Museum. 

Genus  CYPR^A  Linmeus. 
CYPRiEA  sp. 

PI.  xxn. 

Dimensions, — ^Height,  7  cm. ;  breadth  65  mm. 

Description, — Shell  medium,  low,  spherical,  imperforate;  whorls 
four  or  five;  globose;  aperture  long,  narrow  slit-like;  outer  lip  broad, 
expanded,  and  extending  from  the  aperture  at  almost  a  right  angle; 
body- whorl  very  large,  embracing  about  four-fifths  of  the  preceding 
whorl;  po  decorations  visible. 

This  appears  to  be  a  rare  species  in  the  Buda  limestone,  as  only  one 
specimen  is  present  in  the  collection.  The  description  has  been  made 
from  an  internal  cast. 

Locality, — Shoal  Creek,  Austin,  Tex. 

Collection, — Johns  Hopkins  University. 

FUSID^. 

Genus  FUSUS  Lamarck. 

FUSUS  TEXANUS  Sp.  nOV. 
PI.  XIX,  fig.  9. 

Dimensiorus, — Height,  67  mm. ;  breadth,  14  mm. 

Description, — Shell  moderately  large,  elevated,  turreted;  sutures 
deep;  whorls  few,  convex,  increasing  in  size  regularly  and  slowly; 
imperforate;  greater  part  of  aperture  missing;  anterior  siphonic?- 
canal  long  (23  mm.),  deep.  Decorations  consist  of  well-marked  and 
equal  revolving  ridges  crossed  by  a  few,  prominent  transverse  ribs, 
which  in  the  body  whorl  are  quite  elevated  at  the  suture  line,  but 
gradually  die  out  as  they  pass  over  the  whorl. 

This  species  appears  to  be  rare  in  the  Buda  limestone,  for  only  half 
of  an  external  cast  is  present  in  the  collection.  The  description  has 
been  made  from  a  wax  impression. 

Locality, — Shoal  Creek,  Austin,  Tex. ;  Onion  Creek,  Buda,  Tex. 

Collection, — ^Johns  Hopkins  University. 

Bull.  205—03 3 

Digitized  by  VjOOQ IC 


84  MOLLU80A   OF   THE    BUDA    LIMESTONE.  [wo.  206 

Fusus  sp. 

PI.  XIX,  figs.  10,  11. 

Dimensions, — Breadth,  13  mm. 

Description. — Shell  small,  elevated,  conical;  whorls  convex,  five  or 
six  in  number;  body- whorl  large,  globose,  carrying  a  central  ridge; 
imperforate;  sutures  deep;  aperture  not  distinct,  probably  oval; 
possesses  an  anterior  canal;  internal  cast  shows  distinct,  revolving 
lines  on  the  under  side  of  the  outer  lip. 

This  form  is  represented  in  the  collection  by  one  cast. 

Locality. — Shoal  Creek,  Austin,  Tex. ;  Bouldin  Creek,  contact  with 
Eagle  Ford  shales;  Onion  Creek,  Buda,  Tex. 

Collection. — United  States  National  Museum. 

CEPHALOPODA. 
NAUTIIilD^. 

Genus  NAUTILUS  Linn»us. 
Nautilus  texanus  Shumard. 

PI.  XXni,  figs.  1,  2;  PI.  XXIV,  figs.  1,  3. 

Nautiltis  texanuB  Shtunard,  1859,  Trans.  Acad.  Sci.  St.  Louis.  Vol.  I,  p.  590. 
Nautilus  tejcanns  HOI,  1889,  Annot.  Check  List  Cret.  Invert.  Fossils  of  Texas: 

Bull.  Geol.  Surv.  Texas  No.  4,  pp.  21,  43,  50. 
Nautilus  texanus  Cragin,  1893,  Cont.  Invert.  Pal.  Texas  Cret.:  Fourth  Ann. 

Rept.  Gwl.  Surv.  Texas,  p.  236. 
Not  Nautilus  texanus  Qabb,  1864,  G^eol.  Surv.  California,  Pal»ontology,  Vol.  I, 

p.  59,  PI.  IX,  fig.  3,  a,  b. 

Description, — Size  varies  from  small  to  rather  large;  laterally  com- 
pressed; sides  slightly  convex;  dorsal  curve  abrupt;  umbilicus  cir- 
cular, shallow,  distinct;  volution  subovate;  anterior  portion  of 
aperture  absent;  posterior  portion  semielliptical,  deeply  excavated 
by  preceiling  volution ;  longest  diameter  1 0  cm. ;  width  in  broadest 
section  4  cm.,  broadest  portion  situated  a  little  below  the  middle  of 
aperture;  septa  moderately  concave  forward ;  sutures  on  leaving  the 
umbilicus  are  directed  forward  for  a  short  distance,  then  turn  with  a 
shar])  curve  and  run  backward  for  a  slightly  gi^eater  distance,  turn- 
ing again,  this  time  with  a  broader  curve;  they  run  forward  once 
more  for  a  distance  about  equal  to  their  previous  backward  course 
and  pass  over  the  dorsum  with  a  wide  curve ;  retrosiphonate ;  siphuncle 
continuing  backward  to  preceding  septum,  situated  in  dorso- ventral 
plane,  a  little  to  ventral  side  of  middle.  Decorations  consist  of 
numerous  simple,  flat  lidges  which  pass  from  the  umbilicus  forward, 
then  turn  with  a  wide  curve  backward  for  a  short  distance  and  pass 
over  the  dorsum  with  a  sharp  curve. 

Locality, — Shoal  Creek,  Austin,  Tex.  This  form  has  been  reported 
from  the  limestone — Fort  Worth. 

Collection, — Johns  Hopkins  University. 
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Nautilus  hilli  sp.  nov. 
H.  XXTTT,  fig.  8;  PI.  XXTV,  figs.  8,  4. 

Description. — Size  varies  fram  small  to  medium;  subovate;  com- 
pressed; dorsum  boldly  rounded;  umbilicus,  medium,  circular,  small; 
aperture  not  complete,  increasing  gradually  in  size;  posterior  por- 
tion semielliptical,  deeply  excavated  by  preceding  volution;  longest 
diameter  measures  about  105  mm. ;  greatest  width  a  little  below  cen- 
ter; septa  moderately  concave  forward;  sutures  on  leaving  the  umbili- 
cus are  directed  forward  for  a  short  distance,  then  turn  with  a  sharp 
curve  and  run  backward  for  a  slightly  greater  distance,  turning  again, 
this  time  with  a  broader  curve;  they  run  forward  once  more  for  a  dis- 
tance about  equal  to  their  previous  backward  course  and  pass  over 
the  dorsum  with  a  wide  curve;  siphuncle  situated  in  dorso- ventral 
plane  a  little  below  the  middle.  The  shell  is  without  decorations  and 
is  smooth  except  for  minute  growth  lines  just  distinguishable. 

In  this  form  the  septa  are  more  widely  separated  along  the  dorsum 
than  in  NaviUus  texaniis.    External  decorations  are  also  absent. 

Locality, — Shoal  Creek,  Austin,  Tex. 

Collection. — United  States  National  Museum. 

AMMONOIDEA. 

Genus  BARROISICERAS  (?)  Grossouvre. 
Barroisicebas  tbxanum  sp.  nov.  ^ 
PI.  XXV,  figs.  1,  2. 

Dimensions. — ^Longest  diameter,  9  cm.;  diameter  of  umbilicus,  12 
mm. ;  convexity,  2  cm. 

Description. — Shell  medium,  subovate,  compressed;  umbilicus  deep, 
medium,  sides  gently  rounding  to  surface;  body  chamber  incomplete, 
poorly  preserved,  increasing  gradually  in  size,  passing  at  least  half- 
way around  whorl ;  greatest  thickness  of  shell  about  one-third  distance 
from  dorsal  to  ventral  margin.  As  ribs  pass  from  umbilicus  over 
whorl  they  become  somewhat  curved  and  obscurely  tubercled,  and  on 
the  venter  develop  a  low,  oblong  tubercle.  Ribs  28  or  more  to  the  whorl. 
Sutures  as  a  whole  not  extremely  complex;  as  far  as  visible  on  speci- 
men consist  of  a  ventral  superior  and  inferior  lateral  and  two  auxiliary 
lobes  and  an  external  lateral  and  three  auxiliary  saddles;  of  these  the 
ventral  lobe  is  the  most  complex  in  outline;  the  superior  lateral  less 
so;  inferior  lateral  and  auxiliaries  progressively  less  complicated  and 
rapidly  decreasing  in  size  until  they  disappear  as  mere  notches;  of 
the  saddles  the  external  is  most  sinous  in  outline,  having  a  conspicu- 
ous notch  in  the  center;  lateral  saddle  slightly  wavy;  auxiliaries 
decreasing  rapidly  in  size. 

This  species  is  represented  by  a  single  poorly  preserved  specimen. 
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Only  fraj^meuts  of  the  shell  now  reiuaiu  adhering  to  the  internal  cast, 
and  nowhere  is  the  surface  preserved.  The  suture  lines  appear  to 
have  suffered  somewhat  from  solution. 

Locality, — Little  Bear  Creek,  Hays  County,  Tex. 

Collection, — United  States  National  Museum. 

Barroisiceras  hyatti  sp.  nov. 

PL  XXV,  figs.  3,  4. 

Dimensions, — Longest  diameter,  4.  cm. ;  diameter  of  umbilicus,  8 
mm. ;  convexity,  15  mm. 

Description, — Shell  small,  compressed;  umbilicus  deep,  medium; 
sides  sloping  gently  to  surrounding  surface;  greatest  thickness  of 
shell  about  one-third  distance  from  dorsal  to  ventral  margin.  As  ribs 
pass  from  umbilicus  over  whorl  they  develop  a  slight  double  curve, 
carrying  obscure  tubercles,  and  on  the  venter  develop  a  low,  oblong 
tubercle.  Suture  not  very  complex;  consists  of  ventral,  superior, 
inferior  lateral,  and  two  auxiliaiy  lobes  and  external,  lateral,  and 
three  auxiliary  saddles,  ventral  and  superior  lateral  saddles  of  about 
equal  complexity;  inferior  lateral  and  auxiliary  lobes  of  progressiv^ely 
less  strength  and  finally  dwindle  to  mere  notches;  external  and  lateral 
saddles  somewhat  wavy  in  outline,  but  auxiliaries  reduced  to  simple 
eurv^es. 

This  species  is  represented  by  a  fragment  of  an  internal  cast  about 
an  inch  in  length.  A  small  portion  of  the  shell  still  adheres  to  the 
cast,  showing  a  smooth  and  undecorated  surface. 

Locality, — Shoal  Creek,  Austin,  Tex. 

Collection, — United  States  National  Museum. 
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By  T.  Wayland  Vaughan 


AHTHOZOA. 
Parasmilia  tbxana  sp.  nov. 

PI.  XXVII,  figs.  1-8. 

Corallnm  short,  subcornute;  cross  section  elliptical,  somewliat 
curved  in  the  plane  of  the  shorter  transverse  axis.  Base  not  pre- 
served intact,  but  evidently  small. 

Greater  diameter  of  calice,  14  mm;  lesser  diameter  of  calice,  10  mm; 
height  of  eorallum,  15.5  mm. 

The  costsB  correspond  to  all  cycles  of  septa,  and  are  regularly  alter- 
nately larger  and  smaller  in  size,  the  larger  rather  prominent.  The 
edges  are  usually  acute,  both  edges  and  sides  granulate.  No  recog- 
nizable epitheca  on  the  outside  of  the  corallnm.  Septa  in  four  com- 
plete cycles,  reckoning  six  as  the  fundamental  cycle.  The  margins 
are  somewhat  exsert.  They  are  so-called  entire;  show  no  dentations, 
but  some  obscure  crenations.  The  septal  faces  show  striations,  with 
granulations  along  their  courses;  the  striae  are  fine  and  alternate  in 
position,  i.  e.,  the  strisB  on  opposite  sides  of  a  septum  do  not  stand 
opposite  each  other,  but  alternate  with  each  other.  The  septal  con- 
stitution, as  interpreted  from  the  striae,  is  of  ascending  trabecute, 
with  an  area  of  divergence  about  corresponding  in  position  with  the 
wall.  No  pali  could  be  discovered  on  any  septum,  the  larger  septa 
being  directly  continuous  to  the  columella.  The  members  of  the  first 
and  second  cycles  and  some  of  the  third  reach  the  columella.  There 
is  some  dissepimental  endotheca,  and  apparently  occasional  dissepi- 
ments exist  between  the  cost».  The  calicular  fossa  is  moderately 
deep,  not  very  narrow.    The  columella  is  very  well  developed,  vesicular. 

Locality, — Shoal  Creek,  Texas. 

Type. — In  the  United  States  National  Museum. 

Remarks. — The  only  other  species  of  Parasmilia  from  the  Cretaee- 
otls  of  Texas  is  P.  austinensis  Roemer,'*  from  the  Edwards  limestom*, 

aUeber  eine  darch  die  H&uflgkeit  Hippariten-artisrer  Chamidon  ausgezoichnete  Fauna  dt^r 
obertaronen  Kreide  von  Texa«.  Mit  8  Tafeln.  PalaBontologische  Abhandltmeren,  Vol  IV.  pt  4, 
BerMii,  1888,  p.  284,  PI.  XXl,  Pigs  la,  lb. 
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near  Austin.  A  most  striking  difference  between  the  two  species  is, 
the  costs©  in  Roemer's  species  are  equal  in  size,  while  in  P,  texana 
they  alternate  most  pronouncedly. 

Trochosmilla  (?)  sp.  indet. 

PI.  XXVn,  figs.  4,  5. 

This  species  is  represented  by  a  single  broken  specimen,  from  which 
one  can  not  make  out  sufficient  detail  to  determine  the  genus.  The 
specimen  is  19  mm.  high;  the  broken  base  has  a  greater  diameter  of 
8  mm.;  the  greater  diameter  of  the  calice  is  about  15.5  mm.,  and 
the  lesser  10  mm.  or  slightly  more.  The  corallum  is  very  nearly 
straight;  the  calice  is  apparently  inclined  to  the  vertical  axis,  the 
shorter  transverse  axis  not  lying  in  a  horizontal  plane.  Wall,  solid; 
costsB  well  developed,  corresponding  to  all  septa,  regularly  alternat- 
ing in  size.  The  larger  costsB  are  tall,  narrow,  and  thin,  with  sharp 
edges.  Over  the  costae  are  many  granulations.  This  is  the  extent  of 
the  detail  that  can  be  described. 

Locality. — Shoal  Creek,  Texas. 

Type. — United  States  National  Museum. 

Coral  sp. 
PI.  XXVI,  figs.  2, 3. 

A  fine,  large,  simple  coral,  whose  size  and  form  are  shown  by  the 
figures.  The  whole  of  the  interior  of  the  corallum  has  decayed, 
therefore  the  genus  can  not  be  determined. 

Locality. — Shoal  Creek,  Texas. 

Specimen  figured. — Johns  Hopkins  University. 

ORBICELLA  (?)  TEXANA  sp.  nov. 
PI.  XXVI,  fig.  1;  PI.  XXVn,  fig.  6. 

Corallum  forming  rather  large  masses,  as  much  as  140  mm.  high 
and  more  than  that  much  across.  The  corallites  are  small,  the  usual 
diameter  being  between  1  and  2  mm. ;  they  are  crowded  or  not,  the 
distance  between  adjacent  corallites  being  in  some  cases  as  great  as 
the  diameter  of  the  corallites.  The  costae  are  prominent  and  join  the 
corallites  one  to  another.  The  usual  number  of  septa  is  20,  10 
small  and  10  large;  they  are  much  thicker  at  the  wall  than  in  the 
costal  or  inner  portion.  The  lateral  faces  bear  rather  tall,  erect 
spines.  Exotheca  present;  endotheca  rare.  Columella  poorly  devel- 
oped, composed  of  a  few  processes  from  the  inner  ends  of  the  septa. 

Locality. — Shoal  Creek,  Texas. 

Type. — Johns  Hopkins  University. 

Remarks. — The  specimens  referred  Xo  this  species  are  embedded  in 
a  hard  yellow  limestone,  the  condition  of  preservation  being  such 


Digitized  by 


Google 


YAFOHAN]  ANTHOZOA.  39 

that  it  is  impossible  to  describe  them  in  detail.  There  is  a  jwssibility 
that  the  species  may  be  a  Stephanoccenia,  This  species  might  be 
confused  with  Astroccenia  guadalupcB  Roemer.^  The  latter  species, 
according  to  Roemer's  generic  reference,  would  have  a  styliform 
columella,  but  his  description  of  this  part  of  the  skeleton  is  not 
explicit.  A.  gnadalupce  is  an  Edwards  limestone  fossil,  as  Roemer 
states,  and  the  specimens  have  been  changed  into  black  flint.  Flints 
are  found  only  in  the  Edwards  limestone  in  Texas. 

Lbptophyllia  sp.     (No.  1.) 
PI.  XXVn,  figs.  9-11. 

This  specimen  is  fragmentary,  being  broken  across  the  top.  The 
transverse  outline  is  not  exactly  but  is  approximately  circular;  the 
diameter  of  the  upper  broken  end  is  about  20  mm. ;  the  height  of  the 
specimen  is  about  14  mm.  The  outside  of  the  corallum  is  not  pre- 
served in  its  original  condition.  No  scar  of  detachment  was  seen. 
There  appears  to  be  no  well-developed  wall;  the  outer  ends  of  the 
septa  have  a  discontinuous  coating  over  them  that  in  pail  is  probably 
epithecAl  in  character.  The  septa  are  very  numerous,  thin,  crowded, 
and  extremely  perforate.  Nine  septa  were  counted  in  the  space  of 
5  mm.  Synapticula  are  numerous,  and  apparently  there  are  also 
some  dissepiments.  There  is  no  columella.  A  considerable  number 
of  the  larger  septa  reach  the  axial  space. 

Locality, — Shoal  Creek,  Texas. 

Specimen, — In  the  United  States  National  Museum. 

Lbptophyllia  sp.     (No.  2.) 

PI.  XXVn,  figs.  7,  8. 

The  single  specimen  of  this  species  is  good,  but  not  perfect.  The 
chief  difficulty  in  treating  the  species  is  that  one  specimen  is  not  suf- 
ficient to  give  an  adequate  idea  of  all  the  essential  specific  characters. 

The  corallum  is  simple,  irregular  in  shape,  low,  with  an  elliptical 
cross  section.  The  base  is  not  well  preserved,  but  the  corallum  is 
apparently  attached  and  the  base  is  probably  moderately  large. 

Greater  transverse  diameter,  20  mm. ;  greater  diameter  of  calice, 
16.5  mm.;  lesser  diameter  of  calice,  13.5  mm.;  height  of  corallum, 
11  mm. 

Through  an  apparent  deformity,  the  calice  became  constricted  at 
a  certain  height  above  the  base,  so  that  the  transverse  diameters  of 
the  calice  are  not  so  great  as  the  greatest  diameters  of  the  corallum. 
The  figures  show  these  features. 

Neither  true  theca  nor  pseudotheca  is  present.  There  appears  to  be 
some  epitheca.     Synapticula  are  abundant  between  the  peripheral 


oKreidebildnngen  yon  Texas  nnd  ihre  organischen  Einschllisse,  Bonn,  1852,  p.  87,  PI.  X, 
fig,  8,  a,  b. 


Digitized  by 


Google 


40  CORALS    OF   THE    BUDA    LIMESTONE.  [no.  205. 

ends  of  the  septa.  The  septa  are  crowded,  not  very  thick;  as  nearly 
as  could  be  made  out,  in  five  cycles,  six  systems;  the  fifth  cycle  may 
not  always  be  complete.  Only  a  portion  of  the  calice  is  well  preserved. 
The  septal  faces  are  granulate ;  septal  perforations  fairly  abundant, 
especially  on  the  inner  portions  of  the  larger  septa.  Synapticula  are 
rather  abundant,  and  there  may  l>e,  though  I  am  not  certain,  an  occa- 
sional dissepiment.  There  is  no  developed  columella;  the  septa  of  the 
first,  second,  and  third  cycles,  and  some  of  the  fourth,  meet  in  the 
axial  space. 

LocaLiiy, — Shoal  Creek,  Texas. 

Specimen  descriled  and  figured, — United  States  National  Museum. 

This  species  differs  from  LeptophyUia  sp.  (No.  1)  by  being  elliptical 
in  cross  section  and  having  less  perforate  septa.  The  number  of 
septa  to  5  mm.  is  the  same  for  both  species.  They  may  in  reality 
belong  to  the  same  species,  but  such  can  not  be  proved  from  the 
material  at  my  disx)osal. 
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Figs.  3-4.  Pecten  quinquecostatus  (?)  (Sowerby ) 16 

Fig.  5.  Pecten  dnplicicosta  (?)  Roemer _ .  16 

Figs.  6-8.  Pecten  texanns  Roemer 17 

Fig.  9.  Lima  sp 18 

Fig.  10.  Lima  wacoensis  Roemer 18 

Fig.  11.  Lima  shnmardi  sp.  nov 17 

Fig.  12.  G^rvilliopsis  invaginata  (?)  (White) 19 
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Figs.  2-4.  Cardimn  (Granocardimu)  bndaense  sp.  nov 25 
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Figs.  1-3.  Carditun  (Protocardia)  vaughani  sp.  nov 26 

Figs.  4,  5.  Isocardia  medialis  (Conrad) 27 
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FigB.  1, 2.  Isocardia  medialis  (Conrad) 37 

Figs.  8-6.  Pholadomya  roemeri  sp.  nov 28 
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Figs.  4, 5.  Homomya  vulgaris  sp.  noY 29 
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Figs.  1,  2.  Anatina  anstinensis  sp.  nov _ 29 

Fig.  3.  Anatina  tezanasp.  nov 80 
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Fig.  1.  Patella  sp 30 

Figs.  2,8.  Trochussp 31 

Figs.  4-6.  Tnrritella  budaensis  sp.  nov 31 

Figs.  7,  8.  Cerithium  (?)  texanum  sp.  nov 32 

Fig.  9.  Fusus  texanns  sp.  nov 33 

Figs.  10,  11.  Fusus  sp _ 34 
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Figs.  1 ,  2.  Nantilns  texanns  Shumard 34 

Fig.  3.  Nautilus  hilli  sp.  nov 35 
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Figs.  1,  2.  Nantilns  texanns  Shmnard 34 

Figs.  8,  4.  Nantilns  hilli  sp.  nov 35 
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Fig.  1.  Barroisiceras  texanum  ep.  nov 85 

Figs.  8,  8.  Barroisiceras  hyatti  sp.  nov 85 
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Fig.  1.  Orbicella  (?)  texana  Vanghan.     General  view  of  a  specimen;  height, 

as  placed  in  figure,  126  mm 88 

Figs.  2, 3.  Coral  sp.    Two  views  of  the  same  specimen;  height  of  specimen, 

49.5  mm 88 
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PBge, 
Figs.  1-3.  Parasmilia  texana  Vanghan 37 

Figs.  1,  2,  two  upright  views  of  the  corallmn;  height,  15.5  mm.  Fig. 
3,  calicnlar  view;  greater  diameter,  14  mm. 

Figs.  4, 5.  Trochosmilia  (?)  sp.  indet.    Height  of  specimen,  17  mm 38 

Fig.  6.  Orbicella  (?)  texana  Vaughan.    Cross-section  of  a  corallite  enlarged 

ten  times;  diameter,  2  mm _ 38 

FiGS.7,8.  Leptophylliasp.  (No.  2) '   39 

Fig.  7,  calicnlar  view;  lesser  transverse  diameter  of  calice,  13.5  mm.  Fig. 
8,  view  of  corallmn  from  side;  height,  11  mm. 

Figs. 9-11.  Leptophylliasp,  (No.  1) 89 

Fig.  9,  view  from  side;  height,  14  mm.  Fig.  10,  portion  of  broken  upper 
surface,  showing  very  i)erf orate  and  disconnected  character  of  the 
septa,  enlarged  four  times.  Fig.  11,  a  few  septa;  shows  sjmapticula, 
enlarged  seven  and  one-third  times. 
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INTRODUCTION. 


By  Hknky  Shaler  Williams. 


The  following  paper  is  a  contribution  to  the  knowledge  of  the  fossil 
faunas  of  the  Devonian  of  the  United  States.  It  was  begun  by  Mr. 
Cleland  as  a  piece  of  research  work  in  the  course  of  study  for  the 
doctorate  degree  at  Yale  University,  and  was  used  as  a  thesis  in 
taking  the  degree  of  doctor  of  philosophy  in  June,  1900.  During  the 
summer  of  1901  some  additional  work  was  put  on  it,  based  upon  more 
extended  field  work. 

The  value  of  the  investigation  consists  chiefly  in  the  statistics  it 
furnishes  as  to  the  approximate  composition  of  each  of  the  successive 
faunules  making  up  the  total  fauna  occupying  the  Hamilton  forma- 
tion of  central  New  York.  In  it  account  is  given  of  the  species 
obtained  in  a  careful  and  full  examination  of  every  foot  of  the  sec- 
tion from  the  top  of  the  Onondaga  (Corniferous)  limestone  to  the  base 
of  the  Tully  limestone,  both  of  which  are  well  marked  in  the  Cayuga 
Lake  section,  thus  constituting  definite  limits  for  the  Hamilton  for- 
mation of  this  particular  region. 

All  the  fossiliferous  zones  (seventy-six  in  number)  were  examined, 
and  upon  analysis  of  the  faunules  of  each  zone  those  which  were  so 
closely  alike  as  to  signify  practically  the  same  set  of  species,  associated 
in  the  same  biological  equilibrium  of  relative  abundance,  were  grouped 
together,  constituting  in  all  twenty-five  separate  faunules.  These 
may  properly  be  described  as  the  faunules  of  the  twenty-five  suc- 
cessive hemersB  into  which  the  Hamilton  epoch  of  this  section  may  be 
distinguished  by  its  fossils.  These  faunules  are  associated  with  more 
or  less  definite  changes  in  the  character  of  the  sediments  in  which 
they  were  buried.  The  separate  divisions  of  the  formation  thus 
recc^nized  by  slight  differences  in  faunal  composition  as  well  as  in 
lithologic  constitution  may  be  called  zones.  The  Hamilton  formation, 
its  fauna,  and  the  particular  section  here  studied  are  well  known  to 
paleontologists,  so  that  the  species  can  be  easily  recognized  and 
listed.  In  making  the  collections  special  attention  was  given  to  the 
discovery  of  the  relative  abundance  of  the  species  found  associated 
together  in  each  rock  stratum.  Direction  was  given  to  collect  the 
fossils  as  near  as  possible  in  the  proportion  of  numbers  presented  by 
the  natural  ocourrence  in  the  rocks.    Instead  of  attempting  to  dis- 
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cover  rare  species,  the  purpose  was  to  let  the  preserved  collection 
represent  as  perfectly  as  possible  the  natural  proportion  of  associa- 
tion. The  working  up  of  the  collection  was  made  to  express  this 
natural  proportion  expressed  by  the  species. 

The  identification  of  species  is  probably  always  affected  more  or 
less  by  personal  judgment.  In  order  to  make  the  statistics  of  the 
greatest  relative  value,  therefore,  no  attempt  was  made  to  criticise 
these  personal  elements  in  the  author;  and  while  it  is  probable  that 
another  worker  dealing  with  the  same  specimens  would  not  reach 
absolutely  identical  listing  of  species,  it  is  probable  that  the  errors,  if 
any,  from  inaccuracy  of  specific  identification  are  so  small  relatively 
as  to  not  disturb  the  statistical  value  of  the  facts  recorded.  Further 
and  more  exhaustive  search,  also,  may  be  expected  to  considerably 
modify  the  statistics  here  given;  but  even  this  fact  does  not  detract 
from  the  value  of  those  here  recorded.  The  more  refined  the  analyses 
become  the  more  perfect  will  be  our  knowledge  of  faunal  composi- 
tions. The  present  investigation  is  a  step  in  the  direction  of  attain- 
ing the  fullest  possible  perfection  in  recording  faunal  statistics,  and 
in  making  these  faunal  analyses  as  perfect  as  they  can  be  made, 
toward  which  end  the  contributions  of  many  workers  will  be  needed. 
Witli  such  statistics  in  hand  we  may  hope  to  understand  better  the 
laws  of  evolution  as  affected  by  and  related  to  the  varying  conditions 
of  environment  and  time. 

It  will  be  noticed  that  the  thickness  of  the  Hamilton,  as  measured 
by  Prosser  in  the  Ithaca  well,  is  1,224  feet. — that  is,  between  the  top  of 
the  Onondaga  (Corniferous)  limestone  and  tlie  base  of  the  TuUy  lime- 
stone. The  exact  thickness  was  not  determined  by  the  author.  The 
reason  for  this  is  that  the  great  thickness  and  similarity  in  the  charac- 
ter of  the  rock  of  Zones  B  and  C  made  the  accurate  measurement  of 
these  zones  impossible.  This  is  shown  in  the  section  (fig.  2)  by  broken 
lines.  Nevertheless  it  is  believed  that  the  discrepancy  does  not 
affect  the  accuracy  of  the  succession  of  the  fossiliferous  zones 
recorded  in  this  paper.  Attention  is  here  called  to  the  fact  in  order 
to  show  how  difficult  it  is  to  make  exact  correlation  for  short  dis- 
tances when  the  sediments  are  of  similar  composition  and  structure 
and  the  general  fauna  is  the  same.  For  the  purpose  of  ascertain- 
ing the  exact  thickness  of  each  zone,  a  continuous  section  is  neces- 
sary, but  a  long  series  of  shorter  sections,  where  the  dip  is  slight, 
offers  the  advantage  of  a  greater  number  of  exposures  of  the  rocks  for 
the  collection  of  the  fossils.  It  is  hoped  that  the  present  sample  of 
what  can  be  done  in  the  way  of  an  historical  study  of  a  fossil  fauna 
may  inspire  other  workers  to  make  similar  studies  of  the  rocks  in  their 
own  localities  for  comparison  and  demonstration  of  the  geographical 
as  well  as  the  geological  modifications  of  fossil  faunas. 
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The  material  for  this  study  was  collected  during  three  months  of 
the  summer  of  1899  and  during  May,  1901,  from  the  Hamilton  formation 
exposed  along  the  east  side  of  Lake  Cayuga  and  the  west  side  of 
Seneca  Lake.  Commencing  at  the  Onondaga  (Comiferous)  limestone, 
an  attempt  was  made  to  collect  the  complete  faunule  from  each  zone 
throughout  the  entire  Hamilton  formation  up  to  the  Tully  limestone. 

In  the  identification  of  the  fossils  the  principle  has  been  followed 
that  unless  absolutely  necessary  no  new  species  or  varieties  should  be 
described,  but  that  all  doubtful  specimens  should  be  referred  to 
species  already  figured. 

The  writer  is  indebted  to  Prof.  H.  S.  Williams  for  many  helpful 
suggestions  concerning  methods  of  work. 
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A  STUDY  OF  THE  FAUNA  OF  THE  HAMILTON  FORMA- 
TION OF  THE  CAYUGA  LAKE  SECTION  IN  CENTRAL 
NEW  YORK. 


By  Herdman  Fitzgerald  Cleland. 


CHAPTER   I. 

GENERAL  DESCRIPTION  AND  GENERAL  GEOLOGY  OF  CAYUGA 

LAKE  REGION. 

GENERAL  DESCRIPTION. 

The  region  studied  is  about  70  miles  west  of  the  center  of  New 
York  State,  and  extends  across  about  one-third  of  the  State  from 
north  to  south,  the  center  of  the  region  being  nearly  in  the  center  of 
the  north-south  line.  Cayuga  Lake,  along  the  east  side  of  which  the 
material  for  this  study  was  collected,  is  one  of  the  so-called  "finger 
lakes"  of  the  St^te,  and,  with  its  outlet,  forms  the  boundary  between 
Seneca  and  Cayuga  counties. 

In  the  western  two-thirds  of  the  State  the  strata  strike  in  an  east- 
west  direction  and  dip  to  the  south.  Because  of  this  southerly  dip 
it  is  possible  for  one  to  see  a  large  part  of  the  Paleozoic  section  in  a 
comparatively  short  distance  in  passing  from  north  to  south.  The 
Cayuga  Lake  region  itself  embraces  all  of  the  formations  between  and 
including  the  Salina  and  the  Ithaca. 

This  region  is  overlain  by  glacial  drift,  which  hides  the  rock,  except 
where  worn  away  by  erosion.  Almost  everj^  stream  that  enters  the 
lake  has  cut  a  deep  gorge  through  the  drift  and  into  the  shale,  mak- 
ing excellent  exposures.  The  gorges  thus  formed  often  have  banks 
of  shale  100  feet  or  more  in  height.  In  all  of  these  creeks  there  are 
from  one  to  four  falls,  the  highest  of  which  are  caused  by  four  strata 
of  limestone  and  the  hard  sandstones  or  flags  of  the  Portage.  A 
description  of  Shurger  Glen,  about  5  miles  from  the  south  end  of  the 
lake,  will,  in  a  general  way,  answer  for  all  the  streams  flo'wing  into 
the  lake,  the  only  difference  being  that  the  streams  farther  down  the 
lake  do  not  flow  over  the  Tully  limestone.  Portage  sandstone,  etc., 
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and  consequently  Imve  fewer  falls.  In  Shur- 
•  ger  Glen  there  are  four  sets  of  falls.  The 
first,  nearest  the  lake,  about  30  feet  high,  is 
caused  by  the  Encrinal  beds  (limestone) ;  the 
second,  by  a  hard  shale;  the  third,  by  the 
TiiUy  limestone;  and  the  fourth,  by  the 
Portage.  In  Paines  Creek  near  Aurora  the 
TuUy  and  Portage  have  been  eroded  away, 
leaving  the  Encrinal  and  the  hard  calca-re- 
ous  shales  of  Zone  D  at  Moonshine  to  form 
the  fall.  In  the  creeks  at  Farle3^s  the  upper 
hard  limestone  capping  the  Marcellus  shale, 
Zone  B,  forms  the  falls. 

GENERAL  GEOLOGY. 

Th^  luk^  section,— In  traveling  from  the 
village  of  Cayuga  to  Ithaca  one  passes  over 
and  can  collect  from,  (1)  the  Eurypterus  beds 
(Rondout  limestone  orWaterlime),  (2)  black 
gypsum  (probably  Rondout  limestone),  (3) 
Stromatoi>ora  beds  (Manlius  limestone^), 
(4)  Oriskany  sandstone  (this  formation  has 
a  maximum  thickness  here  of  4  feet  10  inches 
and  tliins  out  to  nothing  in  less  than  a  mile, 
'  leaving  the  Onondaga  (Corniferous)  in  con- 
tact with  the  Lower  Ilelderberg),  (5)  Onon- 
daga limestone,  (6)  Marcellus  shales,  (7) 
Hamilton  shales  and  impure  limestones,  (8) 
Tully  limestone,  (9)  Genesee  shale,  (10)  Port- 
age shales  and  sandstones.      (See  fig.  1.) 

For  the  purpose  of  this  paper  it  will  not 
be  necessary  to  speak  more  fully  of  any  of 
the  formations  mentioned  above,  with  the 
exception  of  the  Hamilton. 

Hamilton  formation. — The  description  of 
the  shales  and  limestones  of  the  Hamilton 
formation  is  given  in  detail  in  the  descrip- 
tion of  the  different  zones  which  make  up 
this  formation.  In  general  it  may  be  said 
that  the  Marcellus  shales  immediately  above 
the  Onondaga  limestone  (where  they  are  very 
black  and  fine)  alternate  with  eight  or  ten 
layers  of  impure  limestone  for  a  distance 
Fio.L-Cayugra  Lake  section,     ^f  10  feet.     The  shalc  bccomcs  harder  and 

A,  Marcellus  shale;  B.Hamilton  for- 
mation; b',  limestone  of  zone  D;  sandy  toward  the  top  and  closes  with  a  very 
b-,  Encrinal  bod8;c,  Tully  lime- 1^2^^^\  impure  limestoue.     The  Marcellus,  ae 

stone;  D,  Genesee  shale;  E,  Port- 1  _  _   .  __     .       . - 

afire;  F,  Ithaca.  a  Memoir  New  York  Mus.,  Vol.  Ill,  No.  3,  Oct.,  IflOO,  pp.8-9 
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shown  by  a  recent  well  boring,  is  81  feet  thick.  Above  this  limestone 
are  the  shales  of  Zone  C,  several  hundred  feet  thick,  which  are  very 
soft,  with  occasionally  a  harder,  more  calcareous,  or  sandy  layer,  and 
several  courses  of  concretions.  The  thick,  impure  limestone  or  hard 
calcareous  shale,  Zone  D,  which  overlies  the  soft  shales  of  Zone  C,  is 
very  marked  because  of  it«  hairiness  and  richness  in  fossils.  Immedi- 
ately above  this  zone  and  in  contact  with  it  is  a  layer  of  shale  50  feet 
thick,  as  fine  and  black  in  the  lower  part  as  the  Marcellus  shale. 
Above  this  the  calcareous  Hamilton  shales  continue  to  the  Encrinal, 
becoming  somewhat  harder  as  the  Encrinal  is  approached. 

Encrinal  bed, — The  Encrinal  is  a  crystalline  limestone  about  1^ 
feet  thick.  Above  this  the  Upper  Hamilton  or  Moscow  shales  extend 
to  the  TuUy  limestone.  The  Upper  Hamilton  shales  vary  greatly  in 
hardness  and  faunal  combination. 

Concretionary  layers. — Concretions  appear  not  far  from  the  Encrinal 
beds.  These  concretionary  layers  are  at  first  shaly,  but  in  the  Cayuga 
Lake  section  become  progresssvely  more  calcareous  as  the  Tully  lime- 
stone is  approached. 

The  persistence  of  the  concretionary  layers  was  observed  for  some 
distance.  One  course,  which  contained  Leiorhynchus  laura  and  Orbi- 
cuLoidea  lodiensis  media  (Zone  V),  was  observed  at  Shurger  Glen, 
Lake  Ridge,  and  King  Ferry,  a  distance  of  12  miles.  These  con- 
cretions could  not  be  identified  in  the  Seneca  Lake  section.  The 
thin  layer  of  limestone  under  the  Tully,  included  in  Zone  Y,  was 
noted  at  these  places  also.  Both  the  limestone  layers  and  the  fossils 
of  Zone  Y  were  wanting  in  the  Seneca  Lake  region.  Zone  II  at  King 
Ferry,  containing  small  upright  concretions,  with  a  characteristic 
fauna,  wiis  found  also  in  Paines  Creek,  5  miles  north.  The  extent  of 
the  Encrinal  beds  and  hard  calcareous  shales  of  Zone  D  is  spoken  of 
in  another  place  (pp.  82-83). 

Jointing. — The  jointing  of  the  rock  in  this  whole  region  is  excep- 
tionally well  developed.  The  joint  planes  have  a  direction  of  N.  20°- 
30°  W.  and  S.  5°-15°  E.,  and  are  almost  vertical.  (See  PI.  II.) 
This  jointing  accounts,  in  large  measure,  for  the  perpendicular  faces 
of  the  falls  and  cliffs  which  are  so  noticeable  in  this  region. 

Tully  fold, — As  one  goes  up  the  lake  from  Union  Springs  the  gen- 
eral dip  of  the  rock  to  the  south  is  very  noticeable,  the  different  strata 
continuing  for  some  distance  and  then  disappearing  under  the  lake. 
Using  the  Tully  as  a  reference  plane,^  it  was  found  that  from  King 
Ferry  to  Lake  Ridge  the  strata  descend  about  45  feet  to  the  mile.  To 
the  south  the  Tully  limestone  takes  a  horizontal  position  and  remains 
a  little  above  lake  level  for  about  3  miles.  It  there  rises  into  an  arch 
over  6  miles  long,  with  its  highest  point  at  least  235  feet  above  the 
lake.     From  this  point  south  the  dip  is  very  rapid,  varying  from  a 


aDipof  rocks  in  central  New  York,  by  S  G  Williams:  Am  Jour  Sci.,  3d  series,  Vol  XXVI, 
1883,  pp.  303-306. 
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maximum  of  400  feet  to  the  mile,  the  average  being  110  feet. 
Vanuxem**  noticed  this  fold,  and  explained  it  as  an  apparent  but  not 
a  real  fold,  reasoning  that  since  the  strata  dipped  southward  the  bend 
of  the  lake  to  the  east  would  cut  into  the  strata  and  give  the  appear- 
ance of  a  fold.  The  direction  and  amount  of  dip  of  the  strata  are 
such  that  the  bend  in  the  lake  could  not  alone  have  produced  such  an 
arch,  although  it  undoubtedly  had  some  effect.  The  folds  along 
Seneca  Lake  and  the  fault  in  the  outlet  of  Keuka  Lake,  which  are  in 
a  west-of -north  direction  from  the  Cayuga  Lake  arch,  point  to  the 
explanation  that  this  whole  region  suffered  a  lateral  pressure  suffi- 
cient to  crumple  the  strata,  thus  forming  a  long  fold  of  which  the  arch 
at  Cayuga  Lake  and  the  undulations  in  the  strata  at  Seneca  Lake  are 
a  part.  The  impure  limestone  of  Zone  D  is  so  folded  that  the  creek 
cuts  through  it  twic«  before  it  reaches  the  fall  at  Moonshine.  In  Big 
Gully  Creek  the  limestone  which  caps  the  Maroellus  shales  is  cut 
through  by  the  stream  before  it  reaches  the  fall ;  it  also  makes  a  fold 
to  the  south,  forming  falls  in  two  small  streams. 

The  fact  that  the  region  is  not  faulted,  that  the  folds  are  easily 
seen,  and  that  the  creeks  cut  through  the  glacial  drift  into  the  shales, 
makes  the  collecting  especially  easy,  and  reduces  to  the  minimum  the 
liability  to  error  in  locating  the  horizons  in  different  sections.  The 
difficulties  in  the  way  of  making  accurate  measurements  with  the 
instruments  at  hand  were  such  that  all  measurements  given  are  only 
approximate. 

aOeology  of  New  York.    Survey  of  the  third  district,  1842. 
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JOINTING   IN    UPPER   HAMILTON   SHALE  AT  SHURGER  GLEN. 
The  stream  fails  over  TuKy  'imestone 
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CHAPTER  II. 
HISTORY  OF  THE  HAMILTON  FORMATION. 

McClure. — The  first  American  geologist,  William  McClure,  pub- 
lished a  geological  map  of  the  United  States  in  the  Transactions  of 
the  American  Philosophical  Society  in  1809.  In  this  map  **he  struck 
out  the  ground  outline  of  geographical  geology."''  The  line  separat- 
ing the  "Primitive  rocks"  from  the  *'Floetz,  or  secondary,"  followed 
the  Oneida  and  Mohawk  rivers  of  New  Fork  to  the  Hudson  River. 
All  the  country  between  the  Alleghenies  and  a  line  running  north 
and  south  through  the  western  boundary  of  Arkansas,  with  the 
exception  of  a  narrow  strip  along  the  Gulf  of  Mexico,  is  marked  as 
Floetz,  or  secondary,  and  embraces,  in  a  general  way,  the  formations 
from  the  Silurian  to  the  Pleistocene.* 

Eaton. — ^Apnos  Eaton  after,  for  that  time,  considerable  travel  and 
observation,  published  An  Index  to  the  Geology  of  the  Northern 
States  in  1820,  and  later,  under  the  patronage  of  Stephen  Van  Ren- 
sellaer,  made  a  geological  survey  of  the  district  adjoining  the  Erie 
Canal.     These  observations  he  published  in  1824.^ 

Werner, — These  pioneers  in  geology  were  followers  of  Werner,  who 
attempted  to  correlate  the  strata  in  America  with  those  of  Europe  as 
described  by  the  German  geologist.  As  Weiner  depended  entirely 
upon  the  lithological  character  of  the  strata  for  his  correlations  (the 
value  of  fossils  in  correlation  not  being  known  at  that  time)  great  con- 
fusion resulted. 

Early  attempts  at  corrdation. — Since  the  Old  Red  sandstone  of  Eng- 
land is  a  conspicuous  formation,  both  McClure  and  Eaton  took  it  as  a 
convenient  reference  plane.  Eaton  first  correlated  it  with  the  Catskill 
sandstone  (Devonian)  and  the  Triassic  sandstone  of  the  Connecticut 
River.  McClure  considered  the  Red  sandstone  of  the  Medina  group 
(Silurian)  and  the  Triassic  sandstone  of  the  Connecticut  River  as  the 
equivalent  of  the  Old  Red  sandstone  of  Europe.  In  1824  Eaton  con- 
cluded that  **  the  ^Old  Red  sandstone'  rests  on  the  Metalliferous  gray- 
wacke  [Utica  and  Hudson  River  group]  and  underlies  the  Millstone 
grit"  [Oneida  conglomerate  of  the  Medina  group];  that  is,  that  the 
Old  Red  sandstone  (Devonian)  should  be  correlated  with  a  portion  of 
the  Medina  sandstone,  thus  placing  the  greater  part  of  the  Upper 
Silurian  and  the  Devonian  in  the  Carboniferous. 

Search  for  coal, — After  the  decision  was  reached  that  the  Red  sand- 
stone of  the  Medina  was  equivalent  to  the  Old  Red  sandstone  (Devo- 

a  Index  to  the  (Jeology  of  the  Northern  States,  by  Amos  Eaton,  1820,  p.  viii. 

^Tran8.  Am.  Phflos.  Soc.,  Vol.  VI,  1809,  pp.  411-i28. 
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nian)  of  England  which  underlies  the  coal,  Eaton  expected  to  find  coal 
in  some  of  the  formations  in  the  southern  part  of  the  State,  and  advised 
the  people  who  lived  south  of  the  Medina  sandstone  to  dig  for  coal 
wherever  there  were  any  indications.  Eaton's  belief  that  what  we  now 
know  to  be  the  Devonian  was  Carboniferous  was  strengthened  by  the 
finding  of  thin  layers  of  carbonaceous  matter  in  what,  from  the  locali- 
ties mentioned,  must  have  been  the  Marcellus  and  Glenesee  shales. 
This  coal  in  very  thin  layers  is  occasionally  found  in  these  horizons. 
Because  of  this  advice  a  great  deal  of  money  was  wasted  in  a  vain 
search  for  coal. 

The  different  formations  of  the  Devonian  were  not  distinguished  by 
Eaton.  The  "third  graywacke"  or  **pyritiferous  rocks"  included 
all  the  formations  above  the  Onondaga.  His  description  of  this 
"  rock"  as  a  calcareous  or  siliceous  gray  rock,  with  aluminous  cement, 
either  slaty  or  in  blocks  and  rich  in  fossils,  and  the  localities,  the 
end  of  Cayuga  Lake  and  the  south  shore  of  Lake  Erie,  between  its 
eastern  extension  and  Sturgeon  Point,  does  not  distinguish  between 
the  different  formations.  The  Hamilton  in  the  Cayuga  Lake  locality 
was  not  included,  as  is  shown  by  the  fact  that  the  Tully  was  mistaken 
for  the  Onondaga  (Corniferous)  limestone. 

Conrad  and  Hall. — In  1837  Conrad  gave  as  the  object  of  the  New 
York  State  survey  the  stratigraphical  and  economic  study  of  the 
various  rock  formations.  The  attention  of  his  assistants  was  directed 
to  the  *' mineral  and  fossil  contents"  of  the  rock,  as  the  fossils  "  serve 
to  determine  with  much  accuracy  the  geological  age  and  character  of 
the  strata." 

In  1838  Hall  considered  the  rocks  of  western  New  York  as  belong- 
ing to  the  Devonian  and  Carboniferous.  His  reason  for  believing 
this,  he  says,  rested  chiefly  on  the  study  of  the  organic  remains,  espe- 
cially of  the  vertical  distribution  of  the  trilobite.^ 

Conrad,  in  the  same  report,  concluded  that  the  rocks  of  New  York, 
with  the  exception  of  the  Catskill,  terminated  with  the  Upper  Ludlow 
roeks  of  Murchison  [Upper  Silurian]. 

In  the  section  along  the  Genesee  River,  given  in  the  same  report, 
the  shales  between  York  and  Mount  Morris  are  marked  as  "  limestone 
shales."  This  was  one  of  the  first  attempts  to  separate  the  rocks 
above  the  Onondaga  (Corniferous)  in  New  York  State  into  finer 
divisions. 

In  the  Fourth  Annual  Report,  1840,  Hall  compared  the  fossils  from 
the  New  York  strata  with  those  of  England  and  correlated  the  Cats- 
kill  with  the  Old  Red  sandstone  [Devonian]  of  England;  the  Chemung 
to  Moscow  shales  [Upper  Hamilton],  inclusive,  with  the  Upper  Lud- 
low rocks  [Upper  Silurian] ;  and  the  Ludlowville  [Lower  Hamilton] 
and  Marcellus  shales  with  the  Lower  Ludlow  rocks  [Upper  Silurian], 
and  adopted  the  name  Ludlowville  to  show  this  correlation. 

a  Second  Ann.  Rept.  New  York  Gkjol.  Survey,  1838,  p.  291. 
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The  report  of  1841  placed  the  Hamilton  (called  Sherburn  group  and 
shales  near  Apulia)  and  Marcellus  (called  Black  shale)  in  the  Aymes- 
try  [Upper  Silurian].  According  to  this  correlation  the  "  Lower  Lud- 
low rock"  closed  with  the  Onondaga  (Corniferous)  limestone. 

VemevdPs  correlation, — In  his  concluding  remarks  on  Vemeuil's 
Parallelism  of  the  Paleozoic  Deposits  of  America  with  those  of 
Europe,^  Hall  says  that  the  "line  of  demarcation  between  the 
Devonian  and  SUurian  is  at  the  base  of  the  Upper  Helderberg  or  at 
the  bottom  of  the  Schoharie  grit.  Verneuil  proposed  to  unite  the 
Marcellus  shale,  Hamilton  shale,  Tully  limestone,  and  Genesee  shale 
in  one  division,  and  make  the  Portage  and  Chemung  the  second  of 
this  period.  He  correlated  the  Chemung,  Portage,  Genesee,  Tully, 
and  Hamilton  with  the  formations  of  Eifel  and  Devonshire;  the  Mar- 
cellus with  the  shales  of  Wissenbach  in  Nassau. 

Renevier's  correlation. — In  the  second  edition,  1896,  of  the  Tableau 
des  Terrains  Sedimentaires  formes  pendant  des  £poques  de  la  Phase 
Organ  ique  du  Globe  Terrestre,  by  Professor  Renevier,  the  Marcellus 
and  Hamilton  are  taken  together  and  considered  to  have  been  depos- 
ited at  the  same  time  as  the  Teiitaculite^  shales  (lower  part)  of  Thur- 
ingia  and  Bohemia,  Wissenbacher  slates,  and  the  schists  "4  Phacops 
Potieri  de  Bretagne." 

Williams^ s  correlation. — The  line  separating  the  Meso-  and  Eo- 
Devonian  in  America  was  determined  by  Prof.  H.  S.  Williams  to  be 
at  the  base  of  the  Tully  limestone.  Previously  the  Tully  had  been 
included  in  the  Meso-Devonian.  The  reason  for  this  correlation  is  as 
follows :  * 

The  conclnsions  we  draw  from  this  study  of  the  fannas  of  the  Cuboides  zone 
and  the  Tnlly  limestone  are  that  within  narrow  limits,  geologically  speaking,  the 
point  in  the  European  time  scale,  represented  by  the  beginning  of  the  dei)08ition 
of  the  Cuboides  Schichten  of  Aix  la  Chapelle,  etc. ,  is  represented  in  the  New  York 
sections  by  the  Tully  limestone,  and,  second,  that  the  representative  of  the  fauna 
of  the  Cuboides  zone  of  Euroi)e  is  seen  in  New  York  not  only  in  the  Tully  lime- 
stone, but  in  the  shaly  strata  for  several  hundred  feet  above.  Therefore,  if  we 
wish  to  express  precise  correlation  in  our  classification  of  American  rocks,  the 
line  between  Middle  and  Upper  Devonian  formations  should  be  drawn  at  the  base 
of  the  Tully  limestone,  to  correspond  with  the  usage  of  Freilbh,  Belgian,  German, 
and  Russian  geologists,  who  include  Frasnein,  Cuboides  Schichten,  and  correlated 
zones  in  the  Upper  Devonian. 

The  Meso-Devonian  must  therefore  be  considered  as  bounded  above 
by  the  Tully  and  below  by  the  Onondaga  (Corniferous). 

South  American  Hamilton. — The  sandstone  of  Erere  in  Brazil,  a 
portion  of  the  Huamampampa  sandstone  of  Bolivia,  and  a  portion  of 
the  formations  of  the  Jachel  River  in  central  Argentina  are  correlated 
with  the  New  York  Hamilton.  These  correlations  were  determined 
chiefly  by  the  presence  of  Vitvlina  pustvlosa  and  Trojridoleptus 
carinoius. 

a  Am.  Jour.  Scl.,  «d  series,  Vol.  V,  pp.  176-188,  856-570;  Vol.  Vn,  pp.  45-61, 218-881. 
&  Williams,  BnlL  Geol.  Soc.  America,  Vol.  1, 1890,  pp.  481-600. 


Digitized  by 


Google 


CHAPTER    III. 
DESCRIPTIONS  OF  THE  FOSSILIFEROUS  ZONES. 

The  Hamilton  formation,  including  the  Marcellus  shales,  is  in  this 
region,  as  shown  by  the  Ithaca  well  section,  1,224  feet  thick. <»  It  is 
bounded  above  by  the  Tully  and  below  by  the  Onondaga  (Cornif erous) 
limestone. 

The  Cayuga  Lake  section  has  been  divided  into  twenty-five  zones, 
each  zone  having  been  determined  by  its  contained  fauna.  When, 
in  working  up  the  section,  there  seemed  to  be  a  change  in  the  fauna 
or  the  character  of  the  rock,  a  provisional  division  was  made,  the  total 
number  of  such  divisions  being  seventy -six.  Later,  in  working  up  the 
material  in  the  laboratory,  it  was  found  necessary  to  combine  many 
of  these  divisions,  reducing  the  number  to  twenty-five. 

The  name  of  each  zone  is  the  name  of  the  group,  genus,  or  species 
which  seems  esx>ecially  characteristic  of  the  faunule  of  that  zone. 
The  name  chosen  is  not  necessarily  that  of  the  most  abundant  species 
unless  that  species  is,  as  far  as  our  present  knowledge  goes,  associated 
with  a  definite  group  of  fossils.  For  example,  the  three  Leiorhynchus 
zones  have  a  faunal  resemblance  which  can  not  be  mistaken,  although 
in  the  first  Leiorhynchus  zone  Leiorhynchus  limitare  is  the  charac- 
teristic species,  while  in  the  other  two  zones  the  species  is  Leiorhynchus 
laura.  It  is  also  true,  that  Leiorhynchus  laura  maybe  associated  with 
an  abundance  of  Orbiculoidea  lodiensis  media,  as  in  Zone  V.  In  the 
first  and  second  Ambocodia  urnbonata  zones  a  group  of  species  occurs 
which  is  often  found  associated  together  when  Amboccplia  urnbonata 
is  abundant.  In  every  zone  the  fauna  is  more  or  less  modified  by 
species  from  lower  zones  continuing  on,  and  by  local  conditions,  but 
the  essential  character  of  the  fauna  is  determined  by  the  environ- 
mental conditions. 

A.  HAMILTON-ONONDAGA  (CORNIFEROUS)  ZONE. 

Stratigraphy. — This  faunule  at  Cayuga  Lake  was  found  in  a  layer 
2  inches  thick,  almost  completely  made  up  of  poorly  preserved  fossils. 
The  shale  which  held  them  together  was  composed  of  finely  com- 
minuted fossils,  principally  tentaculites.  Between  this  zone  and  the 
Onondaga  (Corniferous)  limestone  are  eight  or  ten  alternations  of 
impure  limestones  and   fine  sooty  shale,  aggregating  12  feet  (see 


aProBser,  Am.  Geologist,  Vol.  VI,  1890,  pp.  190-211. 
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PI.  IV).     Two  feet  below  this  zone  is  a  limestone  layer  (Goniatite 
limestone),  which  is  purer  than  any  of  the  layers  between  it  and  the 
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Fig.  2  —Zones  in  Cayuga  Lake  section. 

Onondaga  limestone.     Below  an<l  al)ove  Zone  A  the  shale  is  very  rieli 
in  Styliola  fissurella  and  Teniacuhtcs. 
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Faunide. — The  faunule  of  this  zoue  is  a  mixture  of  Onondaf^a  and 
Hamilton  species,  of  which  Brachiopoda  make  up  the  greater  part. 
It  contains  Chonetes  mucronatuSy  Amhocceliaumbonaiay  Tropidoleptus 
carinatus,  and  other  Hamilton  species,  together  with  SpiHfer  macrus^ 
Anoplotheca  caTniUa,  Choiiet^s  Uneafiis,  and  Phaeops  cristata  var. 
pipa  of  the  Onondaga.  The  aljsence  of  Chonetes  coronatus  and 
Tropidoleptus  carinatxis  below  this  level  (12  feet  above  the  Onondaga) 
shows  that  the  Hamilton  must  have  been  developed  elsewhere  for  a 
long  period  of  time  before  the  deposition  of  this  zone.  The  fauna  is 
remarkable  in  that  it  is  not  a  transition  between  the  Onondaga  and 
Marcellus,  but  between  the  Onondaga  and  Hamilton.  Although  all 
the  species  mentioned,  with  tlie  exception  of  Chonetes  coranutuSj 
have  been  found  in  the  Marcellus,  they  are  not  characteristic  of  that 
horizon,  but  most  of  them  are  the  common  fossils  of  richly  fossilifer- 
ous  Hamilton  zones. 

A  faunule  of  similar  composition  was  found  in  an  impure  limestone 
9  feet  above  the  Onondaga  limest-one,  at  Livonia.  This  faunule  con- 
tained Anophtheca  cmnilla  associated  with  Hamilton  and  Onondaga 
fossils.  *» 

Locality. — South  of  Union  Springs,  12  feet  above  the  Onondaga. 
Layer  of  gray  shale  2  inches  thick.  ^ 

B.  FIRST  LEIORHYNCHUS  ZONE  (MarceUus  shale). 

Stratigraphy, — ^In  the  first  creek  south  of  Great  Gully  Creek,  in  the 
bed  of  the  stream  near  the  mouth,  and  in  the  shale  along  the  lake 
shore  south  of  this,  flattened  spherical  concretions  occur,  many  being 
3  feet  in  horizontal  and  1^  feet  in  vertical  diameter.  No  fossils  were 
found  in  them. 

The  Marcellus  shale  closes  with  a  hard,  impure  limestone,  A^  feet 
thick,  which  is  very  noticeable  in  the  creeks  in  this  vicinity,  since  it 
forms  falls  wherever  it  occurs.  It  is  important  in  this  section,  because 
it  makes  a  distinct  line  between  the  shales  of  the  first  and  second 
Leiorhynchus  zones. 

With  the  exception  of  2  feet  of  bituminous  shales  immediately 
above  Zone  A,  the  Marcellus  shales  between  Union  Springs  and  Great 
Gully  Creek  are  covered.  It  is  impossible  to  make  an  accurate  esti- 
mate of  the  thickness  of  this  zone  because  of  the  folding  of  the  strata 
in  this  region.  At  Union  Springs  the  Onondaga  is  folded,  and  at 
Great  Gull}'^  Creek  the  limestone  layer  of  the  Marcellus  is  so  folded 
that  it  forms  two  falls.  This  same  stratum  folds  to  the  south,  mak- 
ing the  rise  of  ground  south  of  Levanna.  The  well  boring  recently 
made  at  Itliaca  (1900)  shows  the  fine  black  shale  of  the  Marcellus  to 
be  81  feet  thick.  It  is  probable,  therefore,  that  the  total  thickness  is 
between  80  and  100  feet. 

Faunide. — The  faunal  combination  of  this  zone  does  not  differ 
materially  from  that  of  the  second  and  third  Leiorhijnchu.s  zones  with 


a  J.  M.  Clarke,  Forty-seventh  Ann.  Ropt.  N.  Y.  State  Mus.,  pp.  327-352. 
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the  exception  of  the  replacement  of  L,  limHare  by  L.  laura.  In  the 
lower  portion  of  the  zone  the  shale  is  extremely  fine,  and  the  abun- 
dance, of  Styliola  and  Tentaculites  much  greater  than  in  the  other 
Leiorhynchus  zones.  The  shales  become  coarser  and  the  fossils  more 
abundant  (with  the  exception  of  TentacuLiies  and  Styliola)  as  Zone  C 
is  approached.  The  fauna  of  the  upper  portion  is  especially  rich  in 
Orthoceratites.  About  2  feet  below  the  limestone  is  a  nodular  layer 
extremely  rich  in  Leiorhynchiis  liniitare  in  an  excellent  state  of 
preservation.  The  shale  for  2 j  feet  below  the  limestone  is  very  cal- 
careous and  coarse,  but  still  contains  L,  limitare  and  its  characteristic 
fauna. 
A  Leiorhynchus  fauna  has  approximately  the  following  composition : 

Leiopoteria  laevis. 


Leiorhynchus^   .^^* 

( limitare. 


Nnculite8J*?*l^«*«'' 
(  oblongatns. 

Nucula  corbulif  ormis. 

Styliola  fissurella. 

Tentaculites. 

Phacox>s  rana. 


( mucronatns, 
Chonetes  -J  scitolus, 

( lepidns. 
(Orbiculoidea  media). 
Strophalosia  truncata. 
Lnnnlicardinm  fragile. 

Locality, — Near  the  mouth  of  the  creeks  between  Levanna  and 
Parleys.  The  best  exposure  for  the  upper  portion  is  in  Great  Gully 
Creek;  for  the  lower,  the  quarries  south  of  Union  Springs. 

C.  SECOND  LEIORHYNCHUS  ZONE. 

Stratigraphy, — This  zone  is  quite  uniform  in  its  lithological  and 
faunal  characters  with  the  exception  of  one  layer  of  dark  calcareous 
shale  about  15  feet  above  the  Marcellus  shale,  which  contains  a  greater 
number  of  Phacops  rana  and  Amboco^lia  urnbonoia  than  is  usual 
elsewhere  in  the  section.  As  a  rule  the  shale  is  fine  and  seldom  con- 
tains more  than  eight  or  nine  species  to  each  5  feet.  Two  courses  of 
concretions  occur  70  feet  below  Zone  D.  Occasionally  a  harder  layer 
occurs;  but,  with  the  exception  mentioned,  the  species  do  not  change 
with  this  slight  change  in  sedimentation.  The  lower  and  upper  por- 
tions of  this  zone  were  worked  more  carefully  than  the  middle  portion. 

Faunide. — This  zone,  which  is  several  hundred  feet  thick,  is  very 
poor  in  fossils.  The  faunule  is  one  which  usually  occurs  in  the  fine 
shales  of  the  Hamilton  stage  where  the  conditions  were  not  favorable 
to  a  rich  Hamilton  faunule.  The  make-up  of  the  fauna  is  given 
under  Zone  B.  This  same  fauni^le  is  reported  from  the  Livonia 
section. 

Localities, — Pained  Creek,  south  of  Aurora,  from  Moonshine  Falls 
to  the  lake;  Deans  Creek,  north  of  Aurora,  from  Goulds  Falls  to  the 
lake;  Great  Gully  Creek,  south  of  Union  Spring,  to  the  Marcellus 
shale.     It  is  also  finely  developed  in  the  Seneca  Lake  section. 

D.  FIRST  TEREBRATULA  ZONE  (Basal  limestone  of  Qarke). 

Stratigraphy, — Because  of  its  hardness,  compared  with  the  soft 
shales  above  and  below,  this  zone  forms  a  fall  in  all  of  the  creeks 
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where  it  appears.  Moonshine  FalLs,  on  Paines  Creek,  and  the  fall  in 
Deans  Creek,  on  the  farm  of  James  Gould,  are  from  30  to  40  feet  high. 
The  rock  is  a  hard  calcareous  shale,  almost  an  impure  limestone. 
The  fauna  as  well  as  the  lithological  character  separates  this  zone 
sharply  from  tho  shakes  abov  e  and  bcdow.  It  is  25  feet  thick  in  Paines 
Creek. 

Fdunule. — The  genera  of  this  section  arc  not,  by  any  means,  the 
most  common  fossils  in  this  zone;  but  since  they  are  associated  with 
a  peculiar  combination  of  species,  both  here  and  at  Eighteenmile 
Creek,  the  name  Terehrafula  has  been  used  to  designate  that  combi- 
nation. The  combination  of  sp^>cies  spoken  of  above  is  CryptmieUa 
phiniroslrl^,  C  rertirosfrisy  Merisiella  Imskiiusi^  Eimella  lincldcen% 
Spirifcr  (livaricafus,  [7/?////k/  2>?/,s/?//o6a,  and  in  the  Encrinal,  in  addi- 
tion or  by  substitution,  Centronella  impressa. 

This  is  the  first  and  only  zone  in  which  HeliophyUum  holli  appeared 
in  any  numbers.  The  locality  was,  however,  especially  favorable  for 
collecting,  on  account  of  the  great  area  of  the  zone  exposed  by  the 
folding  of  the  strata  and  the  consequent  wearing  away  of  the  soft 
upper  shales  in  several  places  by  the  action  of  the  water.  One  speci- 
men of  H,  confluens  was  obtained  from  the  Encrinal  beds  at  Black 
Rock,  on  Paines  Creek,  and  one  specimen  of  H.  h<dU  from  a  doubt- 
ful locality  in  the  Upper  Hamilton.  With  these  exceptions  no  speci- 
mens of  this  genus  were  found  above  or  below  Zone  D.  VUulina 
pusiulosa  is  common,  and  was  found  in  the  same  abundance  in  the 
Encrinal  beds,  but  not  elsewhere  in  the  section. 

The  shale  of  this  zone  is  extremely  fossiliferous.  The  total  number 
of  spc^cies  found  was  84;  of  these,  32  are  Pelecypoda,  33  Brachiopoda, 
4  Gasteropoda,  3  trilobites,  3  corals. 

Localities, — Paines  and  Deans  creeks  on  the  east  side  of  Cayuga 
Lake;  Slate  Rock  Run  on  west  side  of  Seneca  Lake.  D.  F.  Lincoln** 
reports  it  from  Bentons  Run,  west  side  of  Seneca  Lake;  north  of 
Days  Landing;  Reeders  Creek;  West  Fayette  station;  1  mile  west  of 
West  Bearytown;  1  mile  southeast  of  Bearytown;  Big  Hollow  Creek 
east  of  Romulus.  (Clarke  reports  it  from  Canandaigua  Lake  and  Flint 
Creek. 

Note. — This  zone  is  well  exposed  in  Slate  Rock  Run  on  the  west 
side  of  Seneca  Lake.  In  this  locality  it  is  15  feet  thick  and  contains 
a  faunule  very  similar  to  that  of  the  Cayuga  Lake  region.  The  prin- 
cipal difference  noted  was  the  greater  abundance  of  cyathophylloid 
and  Favosite  corals.  The  common  fossils  of  this  zone  in  Slate  Rock 
Run  are : 


HeliophyUum  halli. 

Cystophylum  americanum. 

Favosites. 

Chonete8  mucronatns. 


Eiinella  lincklaeni. 
Rhipidoraella  vannxemi. 
Crinoid  stems. 
Stropheixlonta  inaequistriata. 


a  Ann.  Rept.  StaU»  G^)l.  New  York,  1884. 
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E.  THIRD  LEIORHYNCHUS  ZONE. 

Faunule. — Immediately  above  the  calcareous  shales  of  Zone  T>  occur 
55  or  60  feet  of  very  fine  black  shales  which  are  extremely  barren  of 
fossils.  This  is  especially  true  of  the  lower  25  feet,  in  which  but  ten 
species  were  found,  the  complete  faunule  being  twenty-seven  s])ecies. 
Styliola  fissureUa  and  ostracods  occur  abundantly  in  thin  layers,  but 
in  the  body  of  the  shale  they  are  seldom  seen.  With  few  exceptions 
the  ostracods  and  styliolfe  do  not  reappear  in  this  section  above  this 
zone  and  never  again  in  abundance. 

The  change  of  sedimentation  from  a  firm  calcareous  to  a  fine  black 
mud  was  evidently  a  condition  unfavorable  to  the  rich  faunule  of 
Zone  D,  and  either  (1)  it  was  replaced  by  migration  of  a  faunule 
similar  (recurrent)  to  that  of  the  sliales  below  Zone  D  or,  what  seems 
probable,  (2)  the  species  found  in  Zone  E,  which  were  inconspicu- 
ous in  the  faunule  of  Zone  D,  lived  on  while  their  less  adaptable 
neighbors  perished.  The  shales  of  this  zone  contain  no  brachiopods 
and  only  three  species  of  pelecypods — and  they  are  rare — which  are 
not  found  in  Zone  C.  They  contain  one  brachiopod  and  two  pelecy- 
pods which  are  not  found  in  Zone  D.  The  faunule  of  this  zone  bears 
a  strong  resemblance  to  the  ** recurrent  fauna"  of  Ontario  County.^ 

Localities. — Above  and  in  contact  with  Zone  D  in  Paines  and  Deans 
creeks,  on  Cayuga  Lake,  and  in  the  Seneca  Lake  section. 

Note. — The  shales  of  this  zone  are  of  this  same  character  west  of 
Seneca  Lake.  The  resembance  to  the  Marcellus  is  so  strong  that  Mr. 
Berlin  H.  Wright  *  called  the  shales  of  this  zone  in  the  Kashong  Creek 
section  "Marcellus."  The  lithological  character  and  the  faunule  are 
both  very  much  like  that  of  the  Marcellus,  with  the  exception  of 
Leiorhynchiis  limitare,  which  the  writer  did  not  find  in  the  Kashong 
section. 

F.  MICHELINIA  ZONE  (Provisionally). 

Stratigraphy. — This  zone  is  not  separated  from  the  lower  shales  by 
any  distinct  line,  the  division  l)eing  made  by  the  abundance  of  the 
fossils  and  change  in  species.  It  terminates  in  a  more  calcareous 
layer  4  inches  thick,  in  which  Michelinia  stylopora  is  common.  ITie 
number  of  species  is  not  great  except  by  comparison  with  the  zones 
above  and  below.  Compared  with  E  and  G  the  species  ai-e  in  the 
ratio  (E)  29:  (F)50:  (G)  23.  The  thickness  of  the  zones,  in  feet,  is  in 
the  ratio  (E)  55 :  (F)  5 :  (G)  18. 

Faunule. — The  only  common  species  are  Tropldolsptus  carinafuSy 
Nueula  corhuUformis,  CypricardeUa  hellistriata^  MirheJinia  stylopcn^a, 
and  crinoid  stems.  Ghammysia  roiistricfa,  Ceraiopora  dlchotoma, 
and  Michelinia  appear  for  the  first  time.  Tropidoleptiis  carinatiis  is 
very  common,  but  of  small  size. 

Location. — Paines  Creek,  60  feet  above  Moonshine  Falls.  Five  feet 
thick. 


a  J.  M.  Clarke,  Ann.  Rept.  State  Geol.  New  York,  1884,  pp.  9-22. 
ftThirty-flfth  Ann.  Rept.  New  York  State  Mus.,  188:i,  pp.  19^206. 
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G.  CHONETES  VICINUS  ZONE. 

Stratigraphy. — This  zone  comprises  the  firm  shales  below  the  falls 
nearest  the  lake,  at  King  Ferry,  and  the  upper  portion  of  the  section 
on  Paines  Creek;  23  species;  18  feet  thick. 

Faunide. — Chmieies  incimis,  which  appeared  in  Zone  F,  became 
very  abundant  and  of  large  size  in  this  zone.  Tropidolepius  carlnatus 
is  common.  Luiiidicardium  fragile  and  CypricardeJIa  hdlistHaia  are 
found  occasionally.  The  shales  are  not  so  barren  as  the  small  num- 
ber of  species  would  indicate,  although  they  are  by  no  means  rich  in 
fossils. 

Locality. — King  Ferry  and  Paines  Creek. 

Note. — Later  investigation  shows  that  the  name  Chonetes  vicinus 
does  not  express  a  faunal  combination.  The  zone  is  a  distinct  one 
at  King  Ferry,  but  is  an  expression  of  peculiar  local  conditions  rather 
than  a  normal  faunule.  This  zone  was  not  found  in  the  Kashong 
Creek  section. 

H.  TRANSITION  ZONE. 

This  zone  does  not  have  a  distinctive  faunule  and  is  probably  a 
transition  between  Zones  G  and  I. 
Locality. — King  Ferry,  N.  Y. 

I.  FIRST  CYPRICARDELLA  BELLISTRIATA-ATHYRIS  SPIRIFEROIDES 

ZONE. 

Faunide. — The  abundance  of  CypricardeUa  beUiMriata,  Athyris 
spiriferoideSy  and  Spirifer  pennatus  is  characteristic  of  this  faunule. 
The  relative  abundance  of  all  of  the  species  in  the  zone  changes 
somewhat  from  the  bottom  to  the  top.  Trojjidoleptus  is  common  in 
the  lower  third,  rare  in  the  middle,  and  common  again  in  the  upper 
third.  Pholidostrophia  ioivaensis  appears  for  the  first  time  in  the 
lower  third  and  was  not  common  elsewhere  in  the  section. 

Location. — King  Ferry,  above  the  fii*st  falls;  47  feet  thick. 

Note. — The  faunule  of  the  shale  25  feet  below  the  Encrinal  beds, 
19  feet  thick  in  the  Kashong  Creek  (Seneca  Lake)  section,  bears  a 
stronger  resemblance  to  Zones  I  and  K  than  to  .J,  but  the  faunule  as  a 
whole  has  a  different  facies.  It  resembles  I  in  the  abundance  of 
Tropidoleptus  carlnatus  CA,  Chonetes  rn neronatti^'  CA  (instead  of 
C.  vicinus),  and  Spirifer  pennatus.  It  differs  in  the  scarcity  of 
CypricardeUa  heUistriaia  and  A.  spiriferoides  and  in  the  abundance 
of  Bryozoa  and  crinoid  stems.  The  25  feet  of  shale  immediately 
underlying  the  Encrinal  is  very  poor  in  fossils,  the  faunal  combina- 
tion of  which  is  not  plain. 

J.  TELLINOPSIS  ZONE. 

Faunule. — This  faunule  differs  from  that  of  Zones  K  and  I  in  its 
paucity  of  spirifers,  Athyris  spiriferoides  and  Tropidoleptus  carinatus 
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and  in  the  abundance  of  Amhoccdia  umhonaUi,  TeJlinopsis  subernar- 
ginata,  and  Modiomorpha,  There  is  one  thin  layer  of  Ambocodia 
umbonata  and  Chonetes  scitidus.  The  shale  of  Zone  J  is  finer  than 
that  of  Zone  K  and  more  fossiliferous. 

Locality, — King  Ferry,  20  feet  below  the  Encrinal  beds;  10  feet 
thick. 

K.  SECOND  CYPRICARDELLA  BELLISTRIATA-ATHYRIS  SPIRIFER- 

OroES  ZONE. 

Faunide. — This  faunule  is  a  recurrence  of  Zone  I,  with  slight  modi- 
fications. The  numerous  individuals  of  the  upper  third  of  Zone  J  are 
the  characteristic  fossils  of  K  with  the  exception  of  Chonetes  vicinus. 
Other  species  of  Chmietes  are  common  and  balance  the  loss  of 
C.  vicinxis.  The  abundant  species  of  Zone  I  are  most  common  in 
Zone  K.  This  zone  resembles  Zone  X  of  the  Upper  Hamilton,  except 
that  in  Zone  X  Leiorhynchus  laura  continues  from  Zone  V. 

Locality. — King  Ferry,  extending  down  from  the  Encrinal  for  22 
feet. 

L.  SECOND  TERBBRATULA  ZONE  (ENCRINAL  BEDS).a 

Stratigraphy. — The  Encrinal  bed  includes  8  feet  of  calcareous 
shales,  impure  limestone,  and  1|  feet  of  crystalline  limestone,  with 
an  abundance  of  crinoid  stems  in  the  upper  part. 

Faunule. — Of  the  47  species  occurring  in  this  bed,  14  are  from  the 
crystalline  limestone.  No  fossils  are  abundant.  Of  the  7  species 
which  are  common  3  are  distinctive;  Vitidimi  pustidosa  is  found  also 
in  D;  Centronella  impressa  occurs  here  for  the  first  time  and  does  not 
appear  again;  Eundla  UncldcBni  is  found  also  in  D  and  Y;  Spirifer 
divaricatus,  one  fragment,  is  found  in  D;  Nucleospira  concinrui  is 
rarely  found  in  the  section,  and  Spirifer  granulosus  reappears  here. 
(For  discussion  of  Encrinal  see  Chapter  V.) 

Locality. — This  zone,  called  also  the  Encrinal  bed,  includes  the 
crystalline  Encrinal  beds  and  impure  limestone  and  shales,  8  feet  in 
all,  found  in  the  creeks  between  Shurger  Glen  and  Aurora. 

M.  ORTHONOTA  ZONE. 

Faunide. — ^This  zone  differs  decidedly  from  that  above  and  below 
in  the  composition  of  its  fauna.  A  glance  at  the  accompanying  table 
(Pl.V)  will  show  the  distinctness  of  this  zone.  The  common  Pelecy- 
poda  are  Phthonia  nodicostatay  Orthonota  undulatay  Prothyris  lanceo- 
lata,  and  Tellinopsis  suhemarginata. 

Locality. — Shurger  Glen.  A  rather  fine  shale  1^  feet  thick  under- 
lying a  harder  layer  (Zone  N)  which  forms  a  small  falls  2|  feet  high 
a  short  distance  from  the  fall  over  the  Encrinal. 


olnclading  the  genera  of  Section  A;  cf.  Schnchert:  Bull.  U.  S.  Geol.  Survey  No.  87,  p.  124. 
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N.  (TRANSITION  ZONE.) 

Zone  N  is  a  rather  hard,  limy  layer,  6  inches  thick,  which  forms  the 
capping  for  a  falls  2^  fe(»t  high.  The  faunule  is  not  a  distinct  one. 
The  abundance  of  Trap klole plus  carinatxis  places  it  with  the  zone 
which  follows,  while  tlie  fewness  of  Chonetes  and  abundance  of  cri- 
noid  stems  and  Hryozoa  places  it  with  tlie  preceding  faunule.  It  is 
lithologically  distinct,  but  must  be  called  a  transition  faunule. 

O.  CHONETES  ZONE. 

Faunule. — The  abundance  of  Chonetes  muvronatas  and  (7.  scitidus 
is  veiy  noticeable.  In  a  fine  shale,  3  inches  thick,  is  an  abundance 
of  Spirifer  pennaius  and  Tropidoleptxis  carinaius.  A  hard,  argilla- 
ceous, sandy  layer  above  this  is  very  rich  in  S,  peniiatus.  This  zone 
is  not  well  marked,  and  is  probably  very  local. 

Local iiy. — Shurger  Glen.  Coarse  and  rather  sandy  strata  overlying 
the  hard  layer  forming  the  small  fall;  10  feet  thick. 

P.  FIRST  AMBOCCELIA  ZONE. 

Faunule. — There  is  little  difference  between  this  zone  and  Zone  R 
except  that  there  is  a  greater  abundance  of  individuals  in  the  latter. 
Aiuhoccelm  umhonaki  and  Phacops  raiiaeive  abundant  and  Pholklops 
hamiUoniw  and  Chonefes  mucronaius  are  common.  Pelecypods, 
with  the  exception  of  Pakeoneilo  coiistricta,  are  rare.  The  association 
of  P.  rana  and  A.  umhonaia  is  seen  in  thin  layers  throughout  the 
section.     (See  under  A.  umhonaki,  Chapter  IV.) 

Localiiy. — Twenty  feet  above  the  Encrinal  beds  at  Shurger  Glen; 
5  feet  thick. 

Q.  CHONETES  LEPIDUS  ZONE  (rather  barren  shales). 

Faunule. — The  15  feet  of  thin  shale  of  which  this  zone  is  composed 
is  very  barren  both  in  individuals  and  in  species,  the  upper  5  feet 
being  extremely  so.  Only  10  species  were  found  in  the  entire  bed; 
of  tKese  0  species  are  found  in  the  upper  5  feet  and  12  species  in  the 
lower  10  feet.  In  the  upper  5  feet  Chonetes  lepklus  and  A.  umbonata 
are  the  only  common  fossils. 

The  conditions  in  this  regioit  during  the  deposition  of  these  shales 
were  very  unfavorable  to  life.  At  first  the  fauna  was  rather  large, 
but  at  last  the  two  species  mentioned  above  were  almost  the  only  ones 
that  were  able  to  survive.  The  conditions  were  not  unlike  those  which 
existed  during  the  deposition  of  the  muds  forming  Zone  E.  The  effect 
of  the  unfavorable  environment  is  seen  in  the  small  size  and  number 
of  individuals. 

Locality. — Shurger  Glen.  Twenty-five  feet  above  the  Encrinal  beds 
and  20  feet  below  the  concretionary  layer  of  Zone  S. 
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R.  SECOND  AMBOCCELIA  ZONE. 

Stratigraphy. — This  zone  is  bounded  above  by  the  Stropheodonta- 
Coralline  zone  and  below  by  fine  shale.  It  is  a  very  marked  zone  in 
the  Shiirger  Glen  section.  Large  blocks  of  shale  which  have  fallen 
from  the  cliff  are  almost  completely  made  up  of  Aviboaxlia  umhonatay 
with  many  Phacops  rana  in  an  excellent  state  of  preservation. 

Favmule. — Besides  A,  umbonata  and  P.rana^  Pholidops  hamiltonicB 
and  PalcBoneilo  constricia  are  very  common.  Chonetes  mnerorKiius  is 
often  found.  A  comparison  of  "  the  fHuna  of  the  Spirifer  consohrinus 
fauna,  Da"  of  Grabau^  with  this  zone  shows  that  (1)  the  relative 
position  and  (2)  the  faunule  are  the  same.  (See  under  Ambocwlia 
imibonata.) 

Locality. — Shurger  Glen  and  King  Ferry,  40  feet  above  the  Encrinal 
beds.  Underlies  the  concretionary  layer  of  Zone  S.  Twentj^-five 
feet  thick. 

KOTE. — A  bed  with  a  fauna  of  this  same  composition  occurs  in  the 
Kashong  section.  The  resemblance  is  so  striking  that  it  can  not  be 
mistaken.  It  is  about  80  feet  above  the  Encrinal  beds  in  this  section 
and  but  40  feet  at  Shurger  Glen.  The  zones  of  the  two  sections  may 
be  continuations  of  the  same  bed,  but  there  is  no  evidence  to  that 
effect  except  the  character  of  the  faunule  and  the  rock. 

S.  STROPHEODONTA— CORALLINE  ZONE. 

Stratigraphy. — This  zone  includes  the  lowest  concretionary  layer  in 
which  the  concretions  are  of  large  size.  The  concretions  are  shaly, 
but  the  shale  in  which  they  are  embedded  is  rather  more  calcareous 
than  usual.  The  fossils  occur  in  three  or  four  layers,  about  2  or  3 
inches  thick.  In  these  thin  fossiliferous  layers  the  shale  weathers  into 
a  mud,  leaving  the  fossils  conspicuous.  In  the  lower  part  of  the  zone 
occurs  a  very  thin  layer  composed  almost  entirely  of  crinoid  joints. 

Faunvle. — The  rarity  of  Amhoca^Ua  umhonata  and  the  abundance 
of  Bryozoa  and  crinoids,  together  with  Stropheodxmta  ituequisfrinta, 
S.  concava,  Rhipidomella  vanuxemi,  and  corals  in  considerable  num- 
bers, make  this  zone  distinct  from  that  above  and  l)elow. 

Locality. — Shurger  Glen,  CO  feet  above  the  Encrinal  beds.  In  a 
concretionary  layer  10  feet  thick. 

Note. — Thin  layers  containing  this  faunule  commen(*e  40  feet  below 
the  Tully  at  Kashong  Creek  (Seneca  Lake),  and  occur  frequently 
for  30  feet.     The  common  fossils  are: 


Spirifer  pennatus. 
Stropheodonta  iiuequistriata. 
Stropheodonta  concava. 
Stropheodonta  jnnia. 


Atrypa  reticularis. 
Streptelasma  rectum. 
AmplexTis  sp.  ? 
Crinoid  stems. 


This  faunule  responded  very  quickly  to  certain  conditions,  as  is 
shown  by  its  frequent  occurrence  in  the  Seneca  and  Cayuga  lake  sec- 
tions.    It  also  has  a  very  constant  faunal  combination. 

a  Sixteenth  Ann.  Bept.  State  Geol.  New  York,  1808,  p.  819. 
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T.  MODIELLA  PYGMuEA  ZONE. 

Stratigraphy, — The  shale  in  this  zone  is  compact  and  fairly  uni- 
form throughout.  It  is  not  very  fossiliferous,  but  by  no  means  bar- 
ren, except  where  thin  layers  of  fine  shale  occur. 

Faiinule. — This  is  distinctly  a  pelecypod  zone  in  which  small 
pelecypods,  such  as  Nudda^  Modiella,  Pal^vxmeUo^  and  TeUinopsis  are 
common.  Leiopteria  is  frequently  found  near  the  center  of  the  zone. 
The  total  number  of  species  in  the  zone  is  large  because  of  the  occa- 
sional appearance  of  a  number  of  rare  species.  The  number  of  species 
of  brachiopods  are  to  those  of  pelecypods  as  27  to  39.  Of  the  brachio- 
pods,  Spirifer  pennattis  and  AmhocwUa  umbonuta  are  found  in  all 
parts  of  the  zone,  sometimes  being  very  common.  Stropheodonta, 
Nu^leospira,  and  Retictdaria  are  absent.  NucuLa^  Nitcidites,  Modi- 
dla^  and  Paloeoneilo^  which  are  rare  in  the  lower  zones,  become  com- 
mon in  this  zone,  though  never  abundant.  The  faunule  disappears 
with  the  appearance  of  Leiorhyrichris  laura  and  Orhicidoidea. 

Locality. — Shurger  Glen,  40  feet  below  the  Tully  limestone.  A 
Septaria  layer  is  embedded  in  the  upper  few  feet  of  this  zone.  The 
total  thickness  is  98  feet. 

U.  AMBOCCELIA  PRuEUMBONA  ZONE. 

Faunule. — This  is  a  transition  zone  between  T  and  V.  It  is  char- 
acterized by  the  commonness  of  A.  pr(Pumbona,  which  appeared  a 
foot  below  this  for  the  first  time  in  this  section,  and  in  the  i-eappear- 
ance  of  Spirifer  tuUius^  which,  until  within  a  foot  of  this  zone,  was  not 
present  in  the  shale  below  for  20  feet.  The  f aunal  combination  is  not 
plain. 

Locality. — Shurger  Glen.  Underlies  the  concretionary  layer  of 
Zone  V.     Five  feet  thick. 

Note. — A  bed  in  the  Kashong  (Seneca  Lake)  section  contains  the 
following  species: 

Amboccelia  prsBtunhona.  I  Orbicnloidea  lodiensis  media.? 

Leiorhynchus  laura.  I  Chonetes  mucronatas. 

This  faunule  is  probably  a  continuation  of  that  at  Cayuga  Lake. 

V.  ORBICULOIDEA  OR  MODIFIED  LEIORHYNCHUS  ZONE. 

Leiorhynchtis  laura  and  Orb iculo idea  lodiensis  media  in  abundance 
in  a  fine  shale  make  this  a  very  distinct  zone.  It  may  be  considered  a 
Leiorhynchus  zone  with  Orbiculoidea  lodiensis  media,  modified  by  the 
addition  of  S.  tuUius  and  Ambocodia  pr(^umbona.  In  the  center  of  the 
zone,  however,  the  faunule  is,  with  the  addition  of  O.  lodiensis  media,  an 
almost  typical  Leiorhynchus  fauna.  The  Leiorhynchus  laura  and 
Orbiculoidea  lodiensis  media  are  very  large  and  in  an  excellent  state  of 
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preservation  in  the  concretionary  layer,  which  is  embedded  in  the 
fine  shale  of  this  zone.  These  concretions  are  over  a  foot  in  horizontal 
diameter. 

Locality. — Shurger  Glen,  Salmon  River,  Lake  Ridge,  King  Ferry, 
30  feet  below  the  Tally  limestone. 

W.  (TRANSITION  ZONE.) 

Faunule. — The  abundance  of  RhipidomeUa  vanuxemi  and  Phacops 
ranay  which  are  rare  in  the  next  zone  above,  and  the  frequency  with 
which  Pholidops  haniUtonicE  and  Dalmaniies  hoothi  occur,  present  the 
appearance  of  a  somewhat  distinct  faunule.  However,  Chonetes 
mucronatus,  Leiorhynchtis  laura,  Spirifer  audaculus,  Stropheodonta 
junta,  and  S.  perplana  are  common  to  both. 

The  faunule  can  not  be  taken  as  a  part  of  either  Zone  V  or  Zone  X, 
although  it  contains  a  number  of  species  of  each,  nor  can  it  be  con- 
sidered a  separate  zone.  During  its  deposition  the  conditions  per- 
mitted the  migi'ation  of  a  Spirifer-Airypa  faunule,  together  with 
i?.  vanuxemi  and  P.  rana,  and  at  the  same  time  were  not  unfavorable 
to  some  of  the  species  of  the  Orhiculoidea  faunule. 

Locality. — Shurger  Glen.  In  a  pyritiferous  concretionary  layer,  23 
feet  below  the  Tully,  10  feet  tbick. 

X.  SPmiFER-ATRYPA  ZONE. 

Faunule. — Atrypa  reticularis,  Athyris  spirifer  aides,  and  Spirifer 
avdaculus  occur  here  in  very  great  abundance.  8.  granulosus  has  a 
greater  development  than  in  any  other  portion  of  the  section.  Leior- 
hynchiis  laura  is  less  abundant  than  in  the  zone  below  and  is  not 
found  in  the  Cystodictya  zone.  Bryozoa,  which  were  rare  in  Zone  W, 
begin  to  be  abundant  and  continue  in  great  numbers  to  the  Tully 
limestone. 

Locality — Shurger  Glen.     Nine  feet  below  the  Tully  limestone. 

Y.  CYSTODICTYA  ZONE. 

Stratigraphy. — The  Hamilton  stage  closes  with  this  zone,  which 
includes  an  alternation  of  limestone  and  limy  shales  and  a  nodular 
layer.  This  condition  is  seen  at  Ludlowville,  Lake  Ridge,  and  King 
Ferry. 

Faunule. — The  zone  is  rich  in  Bryozoa,  especially  Cystodictya  tnci- 
surata,  and  crinoid  stems.  Tropidoleptus  carinatus  is  the  fossil  most 
often  seen  in  the  upper  portion.  Spirifer  pennatus  and  S.  audac- 
vlus  are  very  common,  while  S.  marcyi  is  represented  by  well- 
preserved  specimens  in  the  calcareous  shales  5  feet  below  the  Tully 
limestone.  Pelecypods  are  very  rare  in  the  upper  few  feet.  This, 
with  a  slight  modification,  is  the  same  as  the  Cystodictya  faunule  of 
Grabau,  which  at  Eighteenmile  Creek  occurs  in  the  Lower  Hamilton. 
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Locality. — Shurger  Glen,  Salmon  Creek,  Lake  Ridge.  In  contact 
with  the  Tiilly  limestone. 

Note. — The  Hamilton  formation  in  the  Eashong  Creek  section, 
Seneca  Lake,  closes  with  a  fine  shale  7  feet  thick,  very  much  like  the 
Genesee  in  appearance  and  very  poor  in  fossils. 

The  faunule  of  this  zone  is: 

Ambocoelia  mnbonata.  Ostrocods. 

Pholidops  hamiltonisB.  Pal»oneilo  constricta. 

Phacops  rana.  Tellinopsis  subemarginata. 
Tropidoleptus  carinatus. 

EXPLANATION  OF  DIAGRAMS.  PL.  V. 

Diagram  A. — With  the  exception  of  Zone  A,  2  inches  thick,  12  feet 
above  the  Onondaga  (Comiferous)  limestone,  which  is  very  rich  in 
individuals,  the  number  of  species  of  Pelecypoda  and  Brachiopoda  is 
very  uniform  throughout  the  soft  shales  until  Zone  D  is  reached.  A 
few  feet  of  the  Upper  Marcellus  shales  are  quite  fossiliferous,  but  the 
number  of  species  is  not  large.  The  concretionary  layer  of  Zone  C 
contains  a  faunule  fairly  rich  in  individuals,  but  poor  in  species. 

As  indicated  by  the  angle.  Zone  D  is  sharply  defined  from  the 
shales  above  and  Ix^low  by  the  great  abundance  of  species  and  indi- 
viduals as  well  as  by  the  greater  hardness  of  the  rock.  With  the 
exception  of  a  portion  of  Zone  X,  the  lower  10  feet  of  Zone  D  contains 
more  species  of  both  Brachiopoda  and  PelecyxKKla  than  the  same  num- 
ber of  feet  in  any  other  part  of  the  section.  In  the  lower  portion  of 
the  zone  the  brachiopods  and  pelecyi>ods  are  represented  by  an  equal 
number  of  species.  In  the  upper  portion  both  decrease  in  the  num- 
ber of  their  species,  but  the  lamellibranchs  suffer  the  greater  loss. 

The  most  barren  shales  of  the  section  above  Zone  D,  both  in  indi- 
viduals and  in  species,  are  the  5  feet  of  fine  black  shales  immediately 
in  contact  with  it.  The  black  shales  of  this  zone  (E)  are  very 
noticeable. 

Zone  F,  which  is  a  coralline  zone,  is  rich  in  species,  especially  of 
pelecypods.  After  reaching  a  low  point  in  Zone  G  there  is  a  rapid 
increase  in  i)elecypods,  the  increase  in  brachiopods  remaining  almost 
uniform  throughout  Zone  I,  while  the  pelecypods  reach  a  high  point 
in  the  center  of  the  zone,  but  fall  below  the  Brachiopoda  toward  the 
upper  portion^ 

The  ncixt  noticeable  change  is  in  the  Encrinal  bed.  Zone  L,  where 
the  pehH'ypods  are  extremely  rare,  while  the  brachiopods  have  a  rich 
development.  The  brachiopods  gradually  decrease  in  the  number  of 
species  until  Zone  Q  is  reached,  where  there  is  a  greater  paucity  than 
in  any  other  zone  in  the  Upper  Hamilton.  The  pelecypods  become 
common  in  Zones  O,  M,  and  N",  but  become  rare  in  species  in  Zone  Q. 
In  the  35  feet  above  Zone  Q  there  is  an  increase,  which  culminates  in 
Zone  S,  the  brachiopods  being  predominant.     Above  Zone  S  to  Zone 
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X,  with  one  local  exception,  the  number,  both  of  pelecypods  and  of 
brachiopods,  is  quite  uniform.  In  Zone  X  the  pelecypods  reach  their 
greatest  development  in  the  section,  the  brachiopods  also  being  well 
toward  their  highest  point. 

The  impure  limestones  of  the  upper  few  feet,  with  which  the  Ham- 
ilton formation  closed,  seemed  unfavorable  for  pelecypods,  as  was  the 
case  in  the  Encrinal  beds,  and  very  favorable  for  brachiopods.  From 
Zone  X  the  pelecypods  decrease  and  the  brachiopods  increase  to  the 
contact  with  the  TuUy  limestone. 

Diagram  B. — The  abundance  of  individuals  is  represented  only 
approximately,  as  there  is  no  practical  method  of  determining  accu- 
rately the  actual  number  of  individuals  to  each  5  feet. 

In  the  fine  shales  of  the  Marcellus  are  thin  layers  full  of  Styliola 
and  TentacidH.es  (these  are  not  represented  in  the  diagram).  Above 
Zone  A,  which  is  very  rich  in  individuals,  the  shale  is  almost  barren 
as  far  up  as  it  was  exposed  at  this  station  (Union  Springs),  with  the 
exception  of  TeniaciilHes  and  Styliola.  For  a  few  feet  below  the 
limestone  with  which  the  Marcellus  closes  there  is  an  abundance  of 
individuals  of  Leiorhynchiis  limitare  and  of  Orthoceratites,  The 
shales  above  this  limestone.  Zone  C,  are  almost  barren  in  many  places, 
but  now  and  then  a  fossil  is  found.  Occasionally  a  thin  layer  of  fine 
shale  a  fraction  of  an  inch  thick  contains  LeiorhyncTius  laura  or 
Strophalosia  truncata  in  great  numbers. 

In  Zone  D  the  impure  limestone  which  forms  the  capping  of  Moon- 
shine Falls  seemed  richer  in  individuals  than  the  lower  shales  of  this 
zone.  This  may,  however,  have  been  due  to  the  more  favorable  col- 
lecting because  of  the  weathering  out  of  the  fossils.  Above  Zone  D 
are  a  few  feet  of  almost  completely  barren  shales.  Zone  E;  above 
these'shales  the  remaining  30  feet  of  Zone  E  continues  poor  in  indi- 
viduals and  species  to  Zone  F.  In  Zone  F  there  is  a  sudden  increase 
in  the  number  of  species  and  individuals,  which  makes  it  a  quite  dis- 
tinct zone.  The  number  of  individuals,  however,  did  not  increase  in 
the  same  ratio  as  the  species.  From  Zone  G  to  the  middle  of  Zone  I 
there  is  a  rather  gradual  increase  in  species  and  individuals.  From 
this  point  the  number  of  species  decrease  to  the  Encrinal  beds,  while 
the  number  of  individuals  vary.  The  species  become  abundant  in 
the  upper  part  of  the  Encrinal  bed  and  decrease  to  Zone  Q,  in  which 
the  shale  is  more  barren,  in  species  and  individuals,  than  in  any  other 
zone  in  the  Upper  Hamilton. 

The  great  abundance  of  individuals  of  the  Zones  P  and  R  is  shown. 
Zone  R  is,  according  to  the  diagram,  the  most  fossiliferous  zone  (in 
individuals)  in  the  section,  although  the  number  of  8x>ecies  is  by  no 
means  large. 

From  Zone  S  to  Zone  W  there  is  a  rather  regular  increase  in  the 
number  of  species,  while  the  number  of  individuals  is  rather  small. 
Zone  S  is  rich  in  number  of  species  as  well  as  in  abundance  of  indi- 
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viduals.  Zone  V,  the  Orhicvloidea  zone,  is  separated  from  the  other 
zones  not  only  by  its  faunal  combination,  but  in  the  fewness  of  ita 
species;  the  number  of  individuals  is  not  greatly  different  from  that 
of  the  shale  below.  Zone  X  is  the  richest  in  species  of  any  zone  in 
the  section.  The  abundance  of  individuals  is  great  in  proportion. 
Zone  X  was  worked  more  thoroughly  than  any  other  except  Zone  Y— 
a  fact  which  will  in  a  measure  account  for  the  large  numbers  of  spe- 
cies and  individuals  in  the  collection.  From  this  zone  to  the  Tully 
limestone  the  total  number  of  species  becomes  less. 
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CHAPTER  IV. 

ANNOTATED  LIST  AND  CLASSIFICATION  OF  SPECIES  FOUND  IN 
THE  HAMILTON  FORMATION  OF  THE  CAYUGA  LAKE  SEC- 
TION. 

Snbkingdom    OOELEISTTER^T^. 

Class  ANTHOZOA-ACTINOZOA. 

The  members  of  this  class  are,  with  a  few  exceptions,  rare  in  the 
Cayuga  Lake  section.  They  are,  however,  of  considerable  importance 
since,  when  they  are  common,  they  are  associated  with  a  peculiar  com- 
bination of  species.    • 

Subclass  TETRAOORALLA  Haeckel. 
Family  ZAPHRENTID^  E.  A  H. 

1.  Streptelaima  reotnm  Hall. 

HI.  Dev.  Pes.  Hall,  1876,  pi.  19. 

This  is  the  commonest  of  the  corals  at  Cayuga  Lake.  It  is  chiefly 
confined  to  the  upper  150  feet  of  the  section.  When  it  occurs  with 
Siropheodonta  it  has  a  definite  faunule. 

Gt-enus  ZAFHRKNTIS  RafinescLue. 
'^  2.  Zaplurentls  simplex  Hall. 

HI.  Dev.  Fob.  Hall,  1876,  pi.  21. 
Four  specimens  of  this  species  were  found  in  theCystodictyazone  (Y). 

Grenus  .A31:PLKXTJS  So-werby. 

8.  Amplexns  sp.  tmdet. 

HJ.  Dev.  Fob.  Hall,  1876,  pi.  8. 

Next  to  Strepfelasma  in  abundance  is  a  species  of  AmpleamSy  found 
principally  in  the  ModieUa  zone  (T).  It  differs  from  the  figures  of 
A.  hamUtonuB  and  A.  intermeditis.  The  coral  is  very  much  flexed  and 
has  a  jointed  appearance,  the  constrictions  sometimes  being  very 
marked. 
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Family  CYATHOPHYLLID^  E.  <fc  II. 

a-enuH  HKLIOFHYLLUM:  Hall. 
4.  HeUophyllam  Ulli  £.  &  H. 
HI.  Dev.  Fob.  Hall,  1876,  pi.  23. 

This  species  is  restricted  to  Zone  D,  with  the  exception  of  a  single 
specimen  from  a  doubtful  locality  in  the  Upper  Hamilton.  A  num- 
ber of  specimens  were  obtained,  two  of  the  largest  of  which  measured 
220  and  270  mm.  in  length  and  65  mm.  in  diameter.  H,  haOi  is  very 
common  in  the  "Basal  limestone"  of  Ontario  County,  and  is  confined 
to  a  narrow  zone  within  a  few  feet  of  the  Encrinal  beds  in  the 
Eight-eenmile  Creek  section. 

This  species  is  very  common  in  the  **  Basal  limestone  "  of  the  Seneca 
Lake  section. 

6.  HeliophyUTun  conflueni  Hall. 

HI.  Dev.  Fob.  HaU,  1876,  pi.  26. 

A  single  specimen  was  found  in  this  section — in  the  Encrinal  beds 
of  Paines  Creek.  At  Eighteenmile  Creek  H,  confluens  is  also  restricted 
to  the  Encrinal  beds. 

G^eniiw  33ir>I3:YI>H:YLI^XJM:  I^onsdale. 

6.  Diphyphylluiii  arohUoi  Billings. 

Geol.  Stit.  Mich.,  vol.  3,  1873-1876,  p.  126,  pi.  47. 

This  species  was  found  in  Zone  Y.  A  cross  section  showed  the  char- 
acteristic arrangement  of  the  septa. 

Subclass  HEXACORALLA  Haeckel. 

Stjiborcier  TABU  LATA   K.  &•  H. 

Family  FAVOSITID^  E.  A  H.     . 

GrenuH  IT- A.AT'O SITES  Hiaixiarok. 
7.  Favotitet  argnt  Hall. 

111.  Dev.  Fob.  Hall,  1876,  pi.  13. 

One  specimen  from  Zone  Y  is  probably  of  this  species.  It  is  of  very 
much  the  shai)e  of  fig.  2,  pi.  13,  of  the  "Devonian  Fossils."  The 
arrangement  of  the  large  and  small  cells  can  not  be  made  out. 

8.  Favotitet  sp.  iindet. 

Favosite  corals  from  several  zones  were  too  imperfectly  preserved 
for  specific  identification.  They  did  not  show  any  of  the  specific 
characters  of  F,  argus. 


\ 


Digitized  by 


Google 


cuKJ^D]  CLASSIFICATION  OF   SPECIES.  37 

GrenuB  MIICHEIjINTA  de  Koninolc. 

9.  Miohelinia  stylopor*  Eaton. 

m.  Dev.  Fob.  HaU,  1876,  pi.  18. 

This  species  is  common  in  Zone  F,  but  nowhere  else  in  the  section. 
At  Eighteenmile  Creek  it  is  restricted  to  a  few  feet  at  the  base  of  the 
Lower  Hamilton.  At  Eashong  Creek  very  large  specimens  of  this 
species  occur  in  a  narrow  bed  13  feet  above  the  "upper  fall"  (above 
Encrinal).  A  few  specimens  were  also  found  in  the  "Basal  lime- 
stone" of  Slate  Rock  Run. 

G-eniis  TR-A.CIIYFORA  K.  &  :H. 

10.  Traohypora  (Dendropora)  ornata  Rominger. 

Geol.  Sur.  Mich.,  vol.  3,  1873-1876.  p.  62,  pis.  23-24. 

A  few  well-marked  fragments  of  this  si)ecies  were  found  in  the 
Cystodictya  zone  (Y),  and  in  the  Encrinal  band.  This  species  is  not 
uncommon  in  the  shales  forming  the  falls  below  the  Encrinal  in  the 
Eashong  Creek  section. 

Family  AULOPORID^  Nicholson. 

G^enus  AJUlLiO'E^ORA.  GroldiViss. 
11.  Aolopora  serpens  Gtoldfnss. 
Geol.  Sur.  Mich.,  1873-1876,  p.  81,  pi.  83. 
Two  very  imperfect  fragments  of  this  species  were  found. 

12.  Ceratopora  diohotoma  Grabau. 

Proc.  Boe.  Soc.  Nat.  His.,  vol.  23,  1899,  p.  418,  pi.  4. 

This  8i)ecies,  with  well-marked  characters,  was  found  in  Zones  F  and 
O.  Excellent  specimens  also  occur  above  the  Encrinal  at  Kashong 
Creek. 

Family  SYRINGOPORID^  E.  A  H. 

GJ-enns  SYRINa-OI>ORA  Q-oldfViBs. 

18.  Syringopora  sp.  undet. 

Geol.  Sur.  Mich.,  vol.  3,  1873-1876,  p.  79. 

A  colony  of  this  genus  10  or  12  feet  long  and  5  to  8  inches  in  thick- 
ness occurs  in  the  lower  part  of  Zone  D.  The  specific  characters  are 
not  distinct  enough  to  warrant  a  specific  identification.  The  '^  Basal 
limestone"  of  the  Slate  Rock  Run  (Seneca  Lake)  contains  many 
colonies  of  this  coral. 
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Family  CHuETETIDuE  E.  A  EL 

14.  OluBtetes  fruotioot*  Hall, 
m.  Dev.  Fob.  Hall,  1876,  pi.  38. 

A  few  specimens  of  this  species  were  obtained  from  the  upper  por- 
tion of  the  Upper  and  Lower  Hamilton. 

Other  species  of  Chcztdes  were  found,  but  were  too  imperfect  to 
permit  of  definite  identification. 

Snbkingdoin  ECH[IIS^ODERMA.T^. 

Class  CRINOIDEA  Miller. 

With  the  exception  of  three  poorly  preserved  specimens,  the  crinoids 
are  represented  by  crinoid  joints  and  a  very  few  plates.  No  other 
class  of  Echinodermata  was  found. 

GheniaB  G-RA.NA.TOCRINTJS  Troost. 

16.  Oranatocrinui  (Pentremilii)  leda  Hall. 

Fifteenth  Kept.  N.  Y.  State  Mus.  Nat.  Hist.,  1862,  p.  149,  pi.  1. 

A  complete  but  badly  crushed  specimen  of  this  species  was  found 
in  Zone  O.     Radial  plates  were  obtained  from  Zones  T  and  I. 

GS-enus  A.NC^iTROCRIN'XJS  Hall. 
16.  Ancyroorinut  bulbotut  Hall. 
Fifteenth  Rept.  N.  Y.  State  Mns.  Nat.  Hist.,  1862,  p.  90,  yl,  1. 
A  specimen  of  this  species  was  found  in  Zone  L. 

GJ-emis  X)ICI£OCRIN'XJS  IVLiinster. 
17.  Dichocrinut  tp.1 

A  body  without  arms,  from  Zone  I,  was  doubtfully  referred  to  this 
genus. 

18.  Crinoid  ttemt  and  plates. 

The  centers  of  abundance  of  crinoids,  as  is  shown  by  the  stems, 
joints,  and  plates,  are,  in  this  section,  in  Zones  D,  F,  L,  M,  N,  S,  aud  Y. 
For  a  faunal  study  a  record  of  these  crinoid  remains  is  as  important 
as  the  record  of  any  other  fossil. 

Bryozoa  flourished  when  the  conditions  were  favorable  to  the 
development  of  crinoids.     The  only  exception  is  Zone  F. 
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Snbkingdom  VERMES. 

SuLborder  TUBICOLA. 

Grenus  SI^IRORBIS  Daudin. 

19.  Spirorbii  angulatui  Hall. 

Fifteentti  Rept.  N.  Y.  State  Mns.  Nat.  Hist.,  p.  84. 

A  few  casts  of  this  tube  were  found  on  an  Orthoceras  in  the  upper 
Mareellus. 

Snbkiiigdom  ]VIOLLXJ8COIDE^. 

Class  BRYOZOA  Ehrenberg. 

A  number  of  genera  and  species  of  Bryozoa  not  included  in  the 
following  list  were  found.  The  great  amount  of  time  necessary  to 
make  accurate  identifications,  together  with  the  imperfect  condition 
of  these  fossils,  made  a  more  complete  list  impossible.  The  centers 
of  abundance  of  this  class  are  Zones  D,  L,  S,  and  Y. 

Order  GYMNOL^MATA  Allman. 
Family  DIASTOPORID^  Busk. 

Gl-enus  SIHIIDHIRHIILilLi^  Hall. 
20.  HederelU  oanadensis  Nicholson. 

Pal.  N.  Y.,  vol.  6,  1887,  p.  277.  pi.  65. 
A  mAss  of  this  parasitic  bryozoan  was  found  in  Zone  Y. 

Grenus  RKr»a?-A.RIA  Rolle. 
21.  Beptaria  ttolonifera  Rolle. 

G.  B.  Simpson,  Handbook  N.  A.  Pal.  Bry..  p.  599,  pi.  25. 

This  species  was  found  in  the  Mareellus  shale  incrusting  an  Ortho- 
cerdSy  and  in  Zone  Y  incrusting  a  goniatite.     It  is  rare  in  this  region. 

SiAborder  CRYF^XOSTOMATA  Vine- 
Family  CYSTODICTYONID^  Ulrich. 

Oeixus  T-^::N"I0P»0RA.  Nicliolson. 
22.  Tttniopora  exlgna  Nicholson. 
Pal.  N.  Y.,  vol.  6,  1887,  p.  263,  pi  62. 

A  few  sx>ecimens  of  this  species  were  obtained  from  Zone  Y.  It  is 
very  rare  here,  and  is  so  reported  from  Eighteenmile  Creek. 
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O^niis  CYSTODICTYA  TJlrioli. 

28.  Cystodiotya  inciturata  Hall. 

Pal.  N.  Y.,  vol.  6,  1887,  p.  241,  pi.  40. 

This  is  by  far  the  most  abundant  bryozoan  in  the  section.  In  Zone 
Y  almost  every  piece  of  shale  contains  a  fragment.  It  is  common  in 
the  ^' Stictopora  zone"  of  Grabau  at  Eighteenmile  Creek. 

Family  FENESTELLIDJE  King. 

G-eniiH  I>OLYr»OR.-A.  IMcCoy. 
24.  Polypora  multiplex  Hall. 

Rept.  State  Geol.  N.  Y.,  1886,  p.  66,  pi.  11. 

A  specimen  of  this  species  showing  the  cellular  face  was  found  in 

Zone  S.     A  great  many  specimens  showing  the  noncellular  face  may 

be  of  this  genus  and  species,  but  can  not  be  positively  identified  as 

such. 

25.  Bryosoa,  undet. 

The  distribution  of  Bryozoa  is  given  under  crinoid  stems. 

Class  BRACHIOPODA. 

The  classification  of  Hracliiopoda,  as  given  by  Schuchert  in  Bulle- 
tin No.  87  of  the  United  States  Geological  Survey,  is  used  throughout 
this  paper. 

Adjasivient  to  environment, — It  was  found  in  the  study  of  the  fau- 
nules  of  the  Hamilton  formation  that  the  Brachiopoda  were,  as  a  rule, 
more  closely  adjusted  to  their  environment  than  the  Pelecypoda. 
This  is  shown  in  the  greater  definiteness  of  the  faunule  combinations 
of  the  Brachiopoda  and  in  the  often  sudden  disappearance  of  every 
abundant  species,  and  even  genera,  with  an  apparently  slight  change 
of  sedimentation,  and  their  equally  sudden  reappearance  upon  the 
substitution  of  favorable  conditions.  The  t^ible  of  faunal  zones  at 
the  end  of  the  paper  makes  further  comment  unnecessary. 

Order  ATREMATA  Beecher. 

Superfamily  LINGULACEA  Waagen. 

Family  LINGULID^E  Gray. 

GJ-enus  I^INGrXJJliA.  Kriigiii^re. 

26.  Lingnla  deUa  Hall. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  12,  pi.  2. 

Zone  V  {Orb icido idea  zone)  contains  excellent  specimens  of  this 
species,  fully  25  mm.  in  length  and  16  mm.  in  width.  It  is  rare  in 
every  part  of  the  section,  but  is  o(»casionally  found  between  Zone  D 
and  Zone  Y. 
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27.  Lixignla  densa  Hall. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  11,  pi.  2. 

A  specimen  from  Zone  T  was  more  closely  related  to  this  than  to 
any  other  species  described  by  Hall.  It  measured  12  mm.  in  length 
and  8  mm.  in  width. 

38.  Lingnla  ligea  Hall. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  7,  pi.  1. 

Three  specimens  from  Zones  I,  X,  and  Y,  4  mm.,  4  mm.,  9  mm.  in 
length  and  2  mm.,  2^  mm.,  and  5  mm.  in  width,  respectively,  were 
referred  to  this  species. 

G-enrt»  DIGJ-NOIVLI-A.  Hall. 
29.  Dignomia  alveata  Hall. 
(Unffula  alveata)  Pal.  N.  Y.,  vol.  4,  1867,  p.  12,  pi.  2. 

One  plainly  marked  specimen  of  this  species  was  found  in  the 
Encrinal.  The  same  species  is  reported  from  the  upper  portion  of 
the  Upper  Hamilton  at  Livonia. 

Order  TELOTREMATA  Beecher. 

Superfamily  RHYNCHONELLACEA  Schuchert. 

Family  RHYNCHONELLIDuE  Gray. 

G^enuH  C^:iVIARO'rCECIIIA  Hall  and  Clarke. 
80.  OamarotoBcliia  oongregata  Conrad. 
(Rhynchonella  congregata)  Pal.  N.  Y.,  vol.  4, 1867,  p.  841,  pi.  54. 

This  species  is  very  rare,  being  found  in  but  four  zones.  The 
specimens  are  few  and  so  poorly  preserved  that  it  is  diflficult  to  make 
a  specific  identification  with  certainty. 

81.  OamarotoDchia  dotii  Hall. 

(Rhynchonella  dotis)  Pal.  N.  Y.,  vol.  4,  1867,  p.  844,  pi.  54A. 

In  the  crystalline  limestone  of  the  Encrinal  bed,  Zone  L,  a  num- 
ber of  specimens  possessing  the  characteristics  of  this  species  were 
found. 

82.  OamarotoBchia  hortfordi  Hall. 

(Rhynchonella  horsfordi)  Pal.  N.  Y.,  vol.  4, 1867,  p.  389,  pi.  54. 
This  species  was  found  in  the  Encrinal  bed  and  in  Zone  Y. 

88.  OamarotoDcliia  prolifloa  Hall. 

(Rhynchonella  prolifica)  Pal.  N.  Y.,  vol.  4, 1867,  p.  348,  pi.  54A. 

Specimens  from  five  zones  were  referred  to  this  species.  The  spec- 
imens are  so  crushed  that  the  identification  in  some  cases  is  doubtful. 
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84.  OamarotflBchia  tappho  Hall. 
(Bhynchonella  sappho)  Pal.  N.  Y.,  vol.  4,  1867,  p.  340,  pL  64. 

The  specimens  of  this  species  were  well  preserved.  They  were 
found  in  the  Encrinal  bed,  Zone  D,  and  in  the  Cystodictya  zone  (Y). 

a-eniia  HYPOTHYRIS  Kins. 

86.  Hypothyrii  ouboidei  Sowerby. 

Pal.  N.  Y.,  vol.  8.  pt.  2,  1893.  p.  200,  pi.  60. 

(Bhynchonella  venustula)  Pal.  N.  Y.,  vol.  4, 1867,  p.  346,  pi.  54A. 

Nodules  almost  completely  made  up  of  this  species  were  found 
embedded  in  the  shale  on  the  contact  with  the  TuUy  limestone.  This 
si)ecies  was  of  considerable  importance  in  correlating  the  TuUy  lime- 
stone with  the  Upper  Devonian  of  Europe.  The  occurrence  of  this 
species  in  the  Hamilton  shales  at  Cayuga  Lake  shows  that,  in  this 
region  at  least,  the  migration  took  place  while  the  muds  of  the  Hamil- 
ton formation  were  still  soft,  and  that  the  conditions  were  very  favor- 
able for  a  rapid  development. 

G-enus  LEIORHYNCHXJS  Hall. 

This  genus  appeared  to  be  well  adapted  to  conditions  unfavorable 
to  all  but  a  few  species.  In  this  section  it  is  always  found  in  greatest 
abundance  where  other  species  are  rare.  The  fine  muds  of  the  first, 
second,  and  third  Leiorhynchus  and  the  Orbicidoidea  zones  were 
especially  favorable  for  its  development.  The  change  of  sx>ecies  of 
this  genus  between  the  Marcellus  {L,  limitare)  and  the  Hamilton  (i. 
Iat4/ra)  did  not  materially  affect  the  faunules. 

86.  Leiorhynohut  laura  Billings. 

(L.  multicosta  HaU)  Pal.  N.  Y.,  vol.  4,  1867,  p.  358,  pi.  56. 

This  species  attains  its  greatest  size  and  abundance  in  the  Orbicu- 
loidea  zone  (V).  In  this  zone  one  specimen  from  a  concretion  meas- 
ured 28  mm.  in  length  and  27  mm.  in  width.  Another  concretionary 
layer  in  the  second  Leiorhynchus  zone  (C)  afforded  large,  perfect 
specimens.  It  is  found  throughout  the  section  in  thin  layers  of  fine 
shale.  These  layers,  which  are  a  fraction  of  an  inch  thick,  are  occa- 
sionally almost  entirely  made  up  of  flattened  specimens.  This  is 
especially  true  of  the  first,  second,  and  third  Leiorhynchus  zones. 
This  species  appears  immediately  above  the  limestone  capping  the 
Marcellus  shale.  Although  L,  limitare  is  very  abundant  below  this 
limestone,  it  does  not  appear  above  it.  Several  doubtful  specimens 
found  in  Zone  £  had  somewhat  the  appearance  of  L.  dvinum  Hall. 
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87.  Leiorhynohui  limitare  Vannxem. 

(L.  limitaris)  Pal.  N.  Y.,  vol.  4,  1867,  p.  356,  pi.  66. 

In  the  Cayuga  Lake  section  this  species  is  confined  to  the  Marcellus 
shale.  It  is  preserved  in  an  almost  perfect  condition  in  the  concre- 
tions underlying  the  falls  in  Great  Gully  Creek,  near  Farleys  post- 
office. 

Superfamily  TEREBRATULACEA  Waagen. 

Family  CENTROlSTELLIDuE  Hall  and  Clarke. 

O-enus  CESiaTrRON*B3ILiL-A.  Sillincs. 
88.  Centronella  impreisa  Hall. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  402,  pi.  61  A. 

A  considerable  number  of  specimens  of  this  species  preserved  the 
exterior  and  interior  of  the  dorsal  and  the  exterior  of  the  ventral 
valve.  The  average  size  is  about  14  mm.  in  length  and  11  mm.  in 
width.  This  rare  but  strongly  marked  species  is  restricted  to  the 
Encrinal  bed  (Zone  L)  at  Cayuga  Lake,  and  is  found  only  in  the 
Encrinal  at  Eighteenmile  Creek. 

Family  TEREBRATULID^  Gray. 

Subfamily  MEGALANTERIN^E  Waagen. 

Gexxxxa  CRYI>TON^Ki:.IL.A  Hall. 

89.  Cryptonella  planirottris  Hall. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  895,  pi.  61. 

A  single  individual  of  this  species  was  found  in  the  upper  portion 
of  Zone  D.  At  Eighteenmile  Creek  it  is  found  commonly  in  the 
Encrinal  and  rarely  in  two  zones  in  the  Lower  Hamilton. 

^>.  Cryptonella  reotirostrit  Hall. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  394,  pi.  61. 

The  specimens  of  this  species  are  all  somewhat  flattened  and  bear 
a  resemblance  to  Eunella  Uncklceni.  They  are,  however,  moi-e  angular 
and  the  beak  is  not  so  much  incurved  as  in  E.  lincklcBni,  They  are 
restricted  to  Zone  D.  At  Eighteenmile  Creek  this  si)ecies  is  found 
in  a  calcareous  bed  near  the  base  of  the  Lower  Hamilton,  but  nowhere 
else  in  that  section. 
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Subfamily  TEREBRATULINyE  Dall. 

GJ^nuH  KTJN"ELL^V  XIall  and  Clarice. 

41.  EimelU  linoklmii  HaU. 

(Cryptanella  linckUmi)  Pal.  N.  Y.,  vol.  4,  1867,  p.  397,  pi.  60;  vol.  8,  pt.  2, 
p.  290. 

This  species  is  restricted  to  Zones  D,  L,  and  the  upper  portions  of  X 
and  Y.  The  specimens  are  often  exfoliated,  but  are  not  crushed  and 
can  readily  be  identified.  It  is  not  reported  from  Livonia  or  Eighteen- 
mile  Creek. 

Family  TEREBRATELLID^  King. 

Subfamily  TROPIDOLEPTIIN^E  Schuchert. 

GrenxxH  TROFIDOLKTTXJS  Mall. 

42.  Tropidoleptui  oarinatui  Ck>nrad. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  407,  pi.  62. 

The  characteristic  fossil  ranges  from  the  Hamilton-Onondaga  zone 
(A)  to  the  contact  of  the  Tully  and  Hamilton.  In  the  Cayuga  Lake 
section  it  seemed  to  thrive  best  in  the  calcareous  sediments.  Speci- 
mens from  Zones  Y,  P,  and  K  measured  25  mm.  in  length  and  30  mm. 
in  width,  the  average  size  being  20  by  25  mm. 

The  occurrence  of  71  carinatus  in  Zone  A  shows  that  the  migra- 
tion of  this  species  must  have  taken  place  as  early  as,  and  probably 
during,  the  oscillation  which  closed  Onondaga  and  began  Marcellus 
time.  The  changes  in  level  which  ushered  in  the  Marcellus  must 
have  been  widespread,  and  it  is  probable  that,  at  this  time,  the  con- 
nection between  North  America  and  South  America  was  such  that  a 
migration  of  species  was  permitted.  Rathbun's  sandstone  of  MaecXir6 
and  CuruA,  which  contains  Anoplotheca  flaheJUtes,  Viiulina pustalosa 
and  Trojpidi}leptus  carinatus,  was  correlated  with  the  Marcellus  and 
Onondaga  because  of  the  mixture  of  Onondaga  and  Hamilton  species. 
Thus  far  V.  pustxdosa  has  not  been  found  lower  than  Zone  D,  but, 
accepting  Rathbun's  correlation,  it  should  be,  and  may  yet,  be  found 
as  low  as  T,  carinatus^  if  the  migration  took  place  at  this  time. 

The  only  variations  noted  are  between  the  smaller  specimens  from 
the  less  calcareous  shales,  which  are  sometimes  almost  mucronate, 
and  the  large  forms  of  the  calcareous  shales  which  are  rounded  on  the 
cardinal  angle.  The  fact  that  the  young  are  always  less  rounded 
than  the  older  ones  indicates  that  in  the  finer  shales  the  individuals 
did  not  reach  maturity. 

In  eastern  New  Y'ork  where  the  sediments  remain  of  very  much  the 
same  character  throughout  the  Hamilton  and  Ithaca  groups,  T,  cari- 
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natics  extends  into  the  Chemung.  In  western  New  York  it  disap- 
pears with  the  close  of  the  Hamilton.  This  species,  unlike  its  associ- 
ate in  South  America,  F.  pustulosay  is  found  in  Europe.  In  North 
America  it  has  not  been  reported  farther  south  than  Jackson 
County,  111. 

Superfamily  SPIRIFERACEA  Waagen. 

Family  ATRYPID^  Gill. 

Subfamily  ATRYPIN^E  XATaagen. 

GrfeniiH  A.TRYr»^  r>uliiiaix. 

48.  Atrypa  reticularis  Linnaeus. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  316,  pi.  5l-^A. 

This  fossil  is  not  by  any  means  a  common  one  in  this  section.  It  is 
abundant  in  the  upper  25  feet  below  the  Tully  limestone  and  common 
in  the  Stropheodmifa-coraXUne  zone  (S).  Elsewhere  it  is  seldom  seen. 
The  specimens  are  of  the  usual  form  and  surface  markings. 

Family  SPIRIFERID^  King. 

Subfamily  SUESSIINyE  Waagen. 

GrenuH  CYRTIISTA  Davidson. 

44.  Cyrtina  hamiltoneniii  HalL 

Pal.  N.  Y..  vol.  4,  1867,  p.  268,  pis.  27  and  44. 

This  is  a  rare  species  throughout  the  section.  It  is  occasionally 
found  in  Zone  D,  but  elsewhere  it  is  rare.  At  Eighteenmile  Creek  it 
is  common  in  a  few  feet  of  shale  near  the  top  of  the  Lower  Hamilton. 

Subfamily  TRIGONOTRETINyE  Schuchert. 

GfenuH  SriKHr-KIi  SowerT3y. 

46.  Spirifer  audaoulut  Conrad. 

(8,  medialis)  Pal.  N.  Y.,  vol.  4, 1867,  p.  227,  pi.  38. 

The  vertical  distribution  of  this  si)ecies  is  almost  as  uniform  as  that 
of  S.  pennaiufi.  Hall  says  that  it  is  an  abundant  species,  coming  next 
to  8.  pennatus  in  the  number  of  individuals.  The  greatest  abun- 
dance of  the  species,  in  the  Cayuga  Lake  section,  is  20  or  25  feet 
below  the  Tully.  It  is  wanting  in  the  second  Leiorhynchus  zone  and 
very  rare  in  the  lower  half  of  the  Lower  Hamilton.  The  form  is  very 
variable.  It  is  impossible  to  tell  in  poorly  preserved  individuals 
whether  the  specimens  are  8.  andaculus  ov  8.  axuJaculus  mncroiiotus. 
At  Eighteenmile  Creek  it  has  four  zones  of  abundance,  two  near 
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the  base  of  the  Hamilton,  one  a  foot  below  and  one  a  foot  above  the 
Encrinal.  In  the  intervening  space  between  the  zones  of  abundance 
the  species'  is  either  very  rare  of  wanting. 

46.  Spirifer  audaoulni  maoronotns  Hall. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  231,  pi.  88a. 

This  variety  of  S,  audaculus  is,  in  its  extreme  form,  readily  distin- 
guished from  S,  audaciduSj  but  the  intermediate  forms  are  diflBcult  to 
determine.  In  this  identification  all  doubtful  forms  were  called  S. 
aiulacultis. 

47.  Spirifer  divarioatnt  Hall. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  213,  pi.  32. 

This  species  was  found  only  in  the  Encrinal  bed  (Zone  L)  and  in 
Zone  D.  In  the  former  it  was  not  uncommon,  but  in  the  latter  only 
one  fragment  was  obtained.  The  markings  of  this  fossil  are  so 
characteristic  that  there  can  be  no  doubt  as  to  the  identification.  The 
bifurcating  plications  and  fine  imbricating,  lamellose  strife  are  seen 
in  all  the  specimens.  It  is  reported  from  the  17  feet  of  soft  shales 
immediately  overlying  the  Encrinal  at  Livonia,  but  has  not  been  noted 
as  occurring  at  Eighteenmile  Creek. 

8,  dwaricatus  is  an  Onondaga  species  which  was  able  to  survive 
the  conditions  of  the  Hamilton.  Hall  and  Clarke  say  that  it  is  the  only 
representative  of  this  type  of  structure  (arrangement  of  the  plications) 
in  the  Hamilton  faunas,  but  from  the  Upper  Devonian  onward  the 
species  multiply  rapidly,  becoming  most  abundant  and  varied  in  the 
different  faunas  of  the  Lower  Carboniferous  and  continuing  until  the 
close  of  Paleozoic  time. 

48.  Spirifer  g^ranulomt  Conrad. 

{S.  granulifera  Hall)  Pal.  N.  Y.,  vol.  4,  1867,  p.  228,  pi.  36;  vol.  8,  pt.  3,  p.  39. 

In  this  section  the  range  of  this  species  is  from  the  first  Terehratula 
zone  (D)  to  the  TuUy  limestone,  a  distance  of  over  400  feet.  It  is 
found  commonly  in  but  three  zones,  I,  L,  and  X.  At  Eighteenmile 
Creek  it  is  wanting  in  the  shales  above  the  Encrinal  beds.  In  this  sec- 
tion it  is  e8i)ecially  common  above  and  including  the  Encrinal.  This 
is  one  of  a  number  of  species  which  show  how  little  one  can  depend 
on  a  single  species  in  correlating  the  smaller  divisions  of  a  formation 
like  the  Hamilton.  Species  which  are  restricted  to  the  Ix)wer  Hamil- 
ton at  Eighteenmile  Creek  or  Livonia  are  sometimes  restricted  to  the 
Upper  Hamilton  in  this  section  or  are  found  throughout  the  section, 
or  vice  versa. 

The  characters  of  the  species  are  quite  uniform.  The  variety 
described  by  Hall  as  S.  dintoni,  but  not  recognized  by  Schuchert, 
was  found  in  Zone  T.  The  measurements  are :  75  by  55  mm.  for  the 
largest  and  35  by  20  mm.  for  the  smallest  specimens. 
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49.  Spirifer  marojri  Hall. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  226,  pi.  37. 

This  spirifer  is  confined  to  the  upper  15  feet  of  this  section  and  is 
most  common  within  5  feet  of  the  Tally.  It  is  not  reported  as  occur- 
ring below  the  Encrinal  in  any  part  of  the  State.  The  largest  speci- 
men measured  90  mm.  in  width  and  30  mm.  in  length.  No  other 
spirifer  found  in  this  section  is  so  well  preserved  and  so  striking. 
This  fossil  has  not  "been  found  at  Eighteenmile  Creek.  Clarke 
reports  it  in  the  upper  160  of  the  Hamilton  of  the  Livonia  salt  shaft 
section.  It  is  found  in  the  upper  50  feet  of  the  Upper  Hamilton  in 
the  Kashong  (Seneca  Lake)  section. 

50.  Spirifer  pennatui  Atwater. 
(S.  mucronata)  Pal.  N.  Y.,  vol.  4,  1867,  p.  216,  pi.  84. 

No  other  species  is  found  so  commonly  from  Zone  D  to  the  TuUy 
limestone  as  is  this  one.  It  is  wanting  only  in  the  fine  shales  of 
Zone  Q,  the  1^  feet  of  crystalline  Encrinal  beds,  and  in  Zone  E.  In 
the  Eighteenmile  Creek  section  it  is  common  below  the  Encrinal  but 
extremely  rare  above. 

8.  pennatics,  at  Cayuga  Lake,  is  variable  in  three  particulars:  (1) 
Gibbosity;  (2)  surface  markings;  (3)  in  the  length  of  the  mucrona- 
tions.  These  variations  are  not  progressive.  A  specimen  which  is 
gibbous  is  usually  shorter  and  has  fewer  but  stronger  imbrications 
than  the  mucronate  and  flat  kinds.  There  is  no  difficulty  at  any 
time  in  distinguishing  the  extremes  of  this  species  as  developed  at 
Cayuga  Lake  from  Delthyris  consobrina  on  the  one  hand  and  Spiri- 
fer audaculus  on  the  other. 

51.  Spirifer  tnUins  Hall. 
{8.  tullia)  Pal.  N.  Y.,  vol.  4,  1867,  p.  218,  pi.  85. 

Spirtfer  tvUius  is  not  abundant  in  any  part  of  the  section  nor  has 
it  a  great  vertical  range.  With  the  exception  of  five  or  six  specimens, 
which  were  found  immediately  below  the  Encrinal  beds,  the  species 
is  confined  to  the  Upper  Hamilton. 

The  characteristic  fine  striations  are  usually  distinct  except  in  the 
Encrinal,  where  the  shell  has  been  exfoliated  in  working  it  out  of  the 
limestone.  One  of  the  largest  specimens  from  Zone  I  measured  16 
mm.  in  width  and  14  mm.  in  length.  One  specimen  from  Zone  I 
measured  17  mm.  in  width  and  13  or  14  mm.  in  length. 

62.  Spirifer  maomt  Hall. 
{S.  maera)  Pal.  N.  Y.,  vol.  4,  1867,  p.  190,  pi.  27. 

This  species  was  found  only  in  Zone  A,  12  feet  above  the  Onondaga 
(Comiferous)  limestone.  It  is  associated  with  Onondaga  and  Hamil- 
ton fossils.     (See  Zone  A.) 
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OenuH  DH^I/rHYRIS  Dalman. 
58.  Delthyris  coniobrina  d'Orbigny. 

{Spirifera  ziczac)  Pal.  N.  Y.,  vol.  4,  1867,  p.  222,  pi.  35. 

Spirifer  pennatus  occasionally  approaches  this  species  in  its  form 
and  surface  markings,  the  inibrie>ating  lamellae  being  sometimes 
strongly  arched  and  liner  than  normal.  The  number  of  plications  of 
/>.  conaohrina  is,  however,  alwa^'s  less.  In  this  section  there  is 
no  difficulty  in  distinguishing  between  the  extreme  forms  of  the  two 
species.  This  fossil  is  fairly  common  in  Zones  R  and  S,  but  is  rare 
elsewhere  in  the  section.  At  Eighteenmile  Creek  it  is  found  only 
above  the  Encrinal,  where  it  is  restricted  to  two  zones.  It  is  not 
reported  from  Livonia. 

54.  Belthsrris  toidptilif  Hall. 

(Spirifera  aeulptilis)  Pal.  N.  Y.,  vol.  4,  1867,  p.  221,  pi.  35. 

This  species  is  not  uncommon  in  a  weathered  layer  of  the  upper 
part  of  Zone  D.  It  was  not  found  elsewhere  in  the  section.  At 
Eighteenmile  Creek  it  occurs  only  in  the  Encrinal.  At  Livonia  it  is 
found  in  two  zones  above  the  Encrinal. 

Grenus  M:A.RTINI.A.  MleCoy. 

55.  K&rtini*  inbnmbona  Hall. 

(Spirifera  mbumbona)  Pal.  N.  Y.,  vol.  4,  1867,  p.  234,  pi.  83. 

A  very  few  specimens  of  this  species  were  found  in  Zone  T.  The 
surface  markings  could  not  be  made  out,  but  the  general  form  was  in 
accord  with  the  descriptions.  One  specimen  measured  15  mm.  in 
length  and  15  mm.  in  width. 

GS-eniiH  AMBOCCELI^  Hall. 
56.  AmboccBlia  prenmbona  Hall.- 

Pal.  N.  Y.,  vol.  4,  1867,  p.  262,  pi.  44. 

This  species  has  a  very  limited  vertical  range  in  this  section.  It  is 
found  in  Zone  U  as  a  center  and  a  foot  or  two  above  and  below.  The 
specimens  are  rather  smaller  than  the  type  specimens,  but  are  quite 
characteristic.  At  Livonia  it  is  restricted  to  the  Upper  Hamilton, 
and  is  common  in  but  one  zone,  48  feet  thick,  the  lowest  part  of 
which  is  17  feet  above  the  Encrinal.  It  is  rarely  found  above  this. 
At  Eighteenmile  Creek  it  is  restricted  to  the  3^  feet  at  the  top  of  the 
Upper  Hamilton.  It  might  be  inferred  from  its  occurrence  in  these 
three  sections  that  it  is  a  characteristic  Upper  Hamilton  fossil.  In 
the  Kashong  (Seneca  Lake)  section  it  is  restrict-ed  to  the  upper  por- 
tion of  the  Upper  Hamilton.  The  fact  that  it  has  not  been  found 
east  of  Cayuga  Lake  or  west  of  New  York  State  indicates  that  it 
originated  in  this  region. 
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57.  AmbocoBlia  nmbonata  Conrad. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  259,  pi.  44. 

The  gregarious  character  of  this  species  is  well  shown  in  a  descrip- 
tion in  one  of  the  old  New  York  reports.^  In  speaking  of  the  shale 
at  Eighteenmile  Creek,  Hall  says:  "The  lower  part  of  this  shale  rest- 
ing on  the  Encrinal  beds  is  completely  filled  with  a  small  Orthis  or 
Stenecesma  {Amboc(jdiaumbonata).  This  species  so  abounds  that  in 
some  places  there  is  scarcely  enough  shaly  matter  to  cause  the  mass 
to  cohere."  In  the  second  Ambocodia  zone  (R),  described  elsewhere, 
A,  umhoncUa  has  a  remarkable  development.  Elsewhere  in  the  sec- 
tion layers  an  inch  or  less  in  thickness  were  found  which  were  almost 
completely  made  up  of  them.  In  actual  numbers  there  are  a  great 
many  more  A.  umbanata  than  any  other  fossil.  It  extends  from  Zone 
A  to  Zone  Y.  Its  vertical  range  is  equally  great  at  Livonia  and  at 
Eighteenmile  Creek.  The  absence  of  Tropidolepius  cartnatus  wher- 
ever A.  umbonaia  flourishes,  and  vice  versa,  is  noticeable  both  here  and 
at  Eighteenmile  Creek.     Phacops  rana  is  an  associated  fossil. 

The  variations  of  this  species  are  principally  confined  to  surface 
markings,  although  variation  in  size  is  common. 

Dr.  J.  M.  Clarke  describes  A.  spinosa  from  the  Livonia  section:* 
**  Surface  bearing  faint  traces  of  concentric  lines  and  covered  with 
numerous  elongate  depressions  which  were  probably  the  bases  of 
insertion  of  epidermal  spines."  A  number  of  individuals  answering 
this  description  fairly  well  were  found  in  Zone  U,  but  were  included 
with  A.  umbonaia.  Specimens  covered  with  elongated  pits  resembling 
A,  umbonata  var.  nana^^  described  by  Grabau,  have  also  been  included 
with  A,  umbonata. 

GrenuH   RKTICXJLA.RI^  MoCoy. 

58.  Betionlaria  flmbriata  Conrad. 
{Spirifer  fimbriata)  Pal.  N.  Y.,  vol.  4, 1867,  p.  214,  pi.  33. 

In  this  section  R.  fimbriata  extends  from  Zone  D  to  Zone  Y,  but  is 
never  abundant.  Aside  from  Zones  D,  N,  and  Y  it  is  very  rare.  At 
Livonia  it  is  not  reported  lower  than  the  Encrinal,  while  at  Eighteen- 
mile  Creek  it  does  not  occur  above  the  Encrinal. 

Family  ATHYRID  JC  Phillips. 

Subfamily  HINDELLIN^  Schuchert. 

GJ-eniiS  NXJCLKOSI'IRi^  Hall. 

59.  Nncleospira  oonciima  Hall. 

Pal.  N.  Y..  vol.  4,  1867,  p.  279,  pi.  45. 

This  is  a  rare  species  in  all  parts  of  the  section,  and  although  it 

occurs  in  the  highest  zone  ( Y)  and  in  Zone  I),  it  was  found  in  but  two 

a  Pifth  Annual  Report,  Geol.  Sur.  N.  Y.,  1841,  p.  164. 
ft  Report  N.  Y.  State  Geol.,  vol.  1, 1893,  p.  177,  pi.  4. 
<•  Sixteenth  Ann.  Report  Stat©  Gool.  N.  Y.,  1896,  p.  377. 
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other  zones — S  and  L.     The  specimens  have  either  the  surface  mark- 
ings preserved  or  the  muscular  scars  distinct. 

At  Livonia  it  is  reported  as  occurring  only  in  a  concretionary  layer 
50  feet  above  the  Encrinal.  At  Eighteenmile  Creek  it  is  very  common 
in  the  upper  foot  of  the  Lower  Hamilton. 

G^nxiH   AN-QFLOTHEC^  Sandl>era;er. 
60.  Anoplotheoa  Camilla  Hall.* 
{Cceleospira  eamilla)  Pal.  N.  Y.,  vol.  4,  1867,  p.  329,  pi.  52. 

This  species  was  found  at  the  base  of  the  Marcellus,  in  Zone  A, 
associated  with  Hamilton  and  Onondaga  (Corniferous)  si)ecies.  Two 
individuals  measured  6  mm.  and  5|  mm.  in  length  and  6  mm.  and  ^ 
mm.  in  width,  respectively. 

A  layer  of  limestone  9  feet  above  the  Onondaga  limestone,  in  the 
Livonia  salt  section,  contained  this  same  species  associated  with  an 
even  more  characteristic  Hamilton  fauna,  but  it  does  not  appear  in 
the  typical  Hamilton  faunules. 

OenuH  VIirULIN-A.  Hall. 
61.  yitnlina  puftnlosa  Hall. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  410,  pi.  62. 

In  the  Cayuga  Lake  section  Vitulina  pustvlosa  is  restricted  to  the 
Encrinal  beds  and  Zone  D,  two  rather  thin  zones  over  150  feet  apart, 
and  to  the  Encrinal  bed  at  Eighteenmile  Creek.  Prof.  C.  S.  Prosser 
reports  it  as  occurring  in  Schoharie  County  in  the  uppermost  portion 
of  the  Hamilton,^  and  in  what  is  apparently  the  Lower  Hamilton,  at 
Marnhall  Falls  post-oflfice  in  eastern  Pennsylvania.'' 

In  South  America  this  species  occurs  throughout,  not  only  what  is 
correlated  with  the  Hamilton,  but  the  entire  Devonian.  In  Bolivia  it 
is  reported  by  Steinmann  from  the  **Conularia  Schichten,"  which  he 
correlated  with  the  Onondaga  and  Marcellus,  and  in  the  Huamam- 
pampa  sandstone,  which  is  correlated  with  and  includes  the  Hamilton, 
the  Upper  Devonian,  and  perhaps  the  Lower  Carboniferous.  In 
l^razil  it  is  found  in  the  sandstone  of  Maecurii  and  Curua  (Onondaga 
and  Marcellus)  and  in  the  Erere  sandstone  (Hamilton)  of  Rathbun. 
In  middle  Argentina,  Kayser  found  it  in  the  '*  Kalkig  sandig  Banke" 
of  "O.  von  Jachalthal"  (Onondaga  and  Marcellus).  In  South  Africa 
it  wjis  collected  by  Schenk  in  the  Bokkenveld  Mountains.  At  the 
present  writing  it  has  not  been  reported  from  Europe. 

Two  specimens  from  Zone  D,  at  Cayuga  Lake,  measured  10  and  8  mm. 
in  width.  Sand  6  mm.  in  length,  and  4  and  3  mm.  in  thickness.  Two 
specimens  from  the  Encrinal  measured  11  by  7  mm.  and  11  by  10  mm. 


nProaser,  N.  Y.  Geol.  Snr.,  1«96.  b  BuU.  120,  U.  a  G.  S.,  p.  «1. 
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In  the  Cayaga  Lake  section  this  species  in  confined  to  two  calcare- 
oas  layers,  Zones  D  and  L.  At  Kashong  Creek  it  occurs  in  the  fine 
shales  underlying  the  TuUy  and  in  the  fine  black  shales  overlying 
the  *  *  Basal  limestone. " 

Subfamily  ATHYRINyE  Waagen. 

GS^nus  ATITYRIS  MoCoy. 

68.  Athyrif  tpiriferoidef  Eaton. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  385,  pi.  46. 

This  fossil  is  very  common  from  the  lower  part  of  Zone  I,  80  feet 
below  the  Encrinal  bed,  to  the  top  of  Zone  X.  Below  this  zone  it  was 
found  in  Zone  A  and  in  Zone  D;  elsewhere  it  is  very  rare. 

Subfamily  MERISTELLINyE  Waagen. 

Q-erxxxs  IVIiBRISXJSIL.Lik  SCalU 

68.  KeriitelU  haskinii  Hall. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  806,  pi.  49. 

Specimens  22  mm.  long  and  20  mm.  wide  were  found  in  the  Encrinal 
bed  and  in  Zone  D.  A  jwrtion  of  the  shell  was  preserved,  showing 
the  wrinkled  concentric  lines  which  are  crowded  in  front.  On  the 
exfoliated  surface  the  faint  radiating  lines  can  be  seen.  This  species 
has  not  been  reported  east  of  Seneca  Lake  nor  west  of  Thedford, 
Canada.  It  was  found  only  in  the  Encrinal  at  Eighteenmile  Creek. 
It  occurs  in  the  '* Basal  limestone"  of  Slate  Rock  River  (Seneca  Lake 
section). 

Order  NEOTREMATA  Beecher. 

Superfamily  DISCINACEA  Waagen, 

Family  DISCINID  JE  Gray. 

O-exitiH  OHmaJJlaaiUli^A.  d'Orblany. 
64.  Orbiouloidea  doria  Hall. 

(Discina  doria)  Pal.  N.  Y.,  vol.  4,  1867,  p.  19,  pi.  2. 

Several  specimens  were  referred  to  this  species  with  some  doubt. 
The  specimens  at  hand  have  a  more  elevated  apex  and  are  smaller 
than  is  usual  in  O.  media.  This  species  is  restricted  to  one  zone  at 
Eighteenmile  Creek. 

65.  Orbiouloidea  hamUif  Hall. 

{Diacina  humilia)  Pal.  N.  Y.,  vol.  4,  1867,  p.  16,  pi.  2. 

A  fragment  of  a  large  Orbicidoidea  from  Zone  J  was  referred  to 
this  species. 
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66.  Orbioaloidea  lodianiis  Vannxem. 

(IHscina  lodensis)  Pal.  N.  Y.,  vol.  4,  1867,  p.  22,  pi.  2. 

This  species  so  closely  resembles  O.  media  that  it  is  difficult  to  dis- 
tinguish between  them.  The  faint  radiating;  lines  are  seen  in  speci- 
mens from  Zone  T.  It  is  a  rare  species  at  Eighteenmile  Creek,  and 
is  found  in  but  two  zones. 

67.  Orbionloidea  lodiansii  media  Hall. 

(Discina  lodenais)  Pal.  N.  Y.,  vol.  4,  1867,  p.  20,  pi.  2. 

This  is  a  very  common  species  in  the  OrbiciUaidea  zone  (V).  The 
concretionary  layer,  in  which  they  are  very  large,  abundant,  and  well 
preserved,  was  traced  for  a  distance  of  10  miles.  Above  and  below 
this  zone  this  fossil  is  found  occasionally,  but  in  no  other  zone  in  such 
abundance. 

The  Orbicidoidea  media  bed  of  Grabau,  5  feet  above  the  Encrinal, 
is  the  only  layer  in  which  it  is  reported  as  common  at  Eighteenmile 
Creek. 

Superfamily  CR  AN  I  ACE  A  Waagen. 

Family  CRANIID^  King. 

O-enus  CRAJNTTHJ^TsA.  Oeh.lert. 
6S.  OranieUa  hamUtonia  Hall. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  27,  pi.  8. 

This  is  not  an  uncommon  species  in  the  upper  part  of  Zone  T. 
Elsewhere  in  the  section  it  is  rarely  found.  It  is  a  rare  fossil  at 
Eighteenmile  Creek  and  Livonia. 

Q-enuH  FIIOLI330FS  £Call. 
69.  Pholidopi  hamUtonia  Hall. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  32,  pi.  8. 

This  is  a  common  fossil  between  Zones  X  and  I,  with  the  exception 
of  the  limestone  of  the  Encrinal  band.  Below  Zone  I  it  was  not 
found.  The  extremes  in  size  are  3  mm.  in  length  and  2  mm.  in  width 
for  the  smallest,  and  4  mm.  in  length  and  3  mm.  in  width  for  the 
largest,  specimens.  The  vertical  range  at  Eighteenmile  Creek  and 
Livonia  is  about  the  same  as  at  the  Cayuga  Lake  section,  the  center 
of  abundance  in  those  sections  being  in  the  upper  part  of  the  Lower 
Hamilton. 

70.  Pholidopt  oblata  Hall. 

(P.  oblata  and  linguloides)  Pal.  N.  Y.,  vol.  4,  1867,  p.  4l4,  pi.  8. 

The  only  specimen  of  this  species,  found  in  Zone  L,  showed  the 
interior  of  the  ventral  (?)  valve,  but  the  muscular  scars  were  oblit- 
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erated.  Following  Schuchert,  P.  lingidoides  and  P.  oblata  will  be 
considered  as  the  same  species.  At  Eighteenmile  Creek  it  was  found 
in  the  Encrinal  and  in  a  zone  1  foot  below.  It  was  not  reported  from 
Livonia.     Size  4^  inm.  wide  and  5^  mm.  long. 

Order  PROTREMATA  Beecher. 

Superfamily  STROPHOMENACEA  Schuchert. 

Family  RAFINESQUININ JE  Schuchert. 

GhBuixs  STR0raK0X>03STrA  Hall. 
71.  Btropheodonta  eonoava  Hall. 
Pal.  N.  Y.,  vol.  4, 1867,  p.  96,  pi.  16. 

This  species  is  restricted  to  three  narrow  zones,  X  and  Y,  and  S,  in 
the  Upper  Hamilton.  The  specimens  are  well  preserved  and  show  the 
characteristic  form  and  surface  markings.  Both  full-grown  and 
young  individuals  were  collected.  The  immature  specimens  do  not 
possess  the  concavity  of  the  mature  individuals,  but  approach  S. 
demissa  in  form.  In  both  zones  where  8.  concava  is  found,  Strepte- 
lasma  rectum  is  common. 

At  Eighteenmile  Creek  this  species  is  rarely  found  below,  and  not 
above,  a  zone  6  inches  thick  a  foot  below  the  Encrinal.  At  Livonia 
it  is  common  in  three  zones  above,  and  including,  the  'Encrinal,  and 
rarely  in  two  other  zones.    It  is  not  reported  from  the  Lower  Hamilton. 

Size  60  mm.  in  width  and  55  mm.  in  length  for  the  mature,  and 
40  mm.  in  width  and  30  mm.  in  length  for  the  immature,  forms. 

72.  Btropheodonta  demiisa  Conrad. 
Pal.  N.  Y.,  vol.  4, 1867,  p.  101,  pi.  17. 

The  only  specimen  of  this  species  was  found  in  Zone  I.  At 
Eighteenmile  Creek,  with  few  exceptions,  it  is  restricted  to  6  inches 
of  shale  in  the  Lower  Hamilton  within  a  foot  of  the  Encrinal  bed. 
It  is  reported  as  occurring  only  in  the  Encrinal  at  Livonia. 

Size  30  mm.  in  width  and  20  mm.  in  length. 

78.  Btropheodonta  insBqniitriata  Conrad. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  106,  pi.  18. 

This  species  is  found  in  the  upper  25  feet  of  the  Hamilton,  in  Zone  S, 
in  the  Encrinal  bed,  in  Zone  I,  and,  rarely,  in  Zone  D.  Between 
these  zones  it  is  rare.  Little  variation,  except  in  size,  is  noticeable  in 
the  specimens  from  the  different  zones. 

The  width  along  the  cardinal  lines  of  the  largest  specimen  was 
40  mm.  and  the  length  28  mm.  A  smaller  specimen  measured  13  mm. 
in  width  and  10  mm.  in  length. 

At  Eighteenmile  Creek  and  Livonia  it  is  common,  but  has  very 
much  the  same  vertical  distribution. 
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74.  Btropheodonta  jonia  Hall. 
(Stropheodonta  textilis)  Pal.  N.  Y.,  vol.  4,  1867,  p.  108,  pi.  18. 

This  species  is  confined  to  the  upper  35  feet  of  the  Upper  Hamilton, 
with  the  exception  of  a  few  specimens  in  Zone  N.  The  specimens  are 
large  and  well  preserved.  It  is  especially  abundant  at  Lake  Ridge 
in  the  calcareous  shales  immediately  under  the  Tully  limestone. 

At  Eighteenmile  Creek  it  is  rarely  found,  in  a  single  zone,  a  foot 
below  the  Encrinal.  It  is  reported  as  occurring  quite  commonly  in 
the  upper  200  feet  of  the  Upper  Hamilton  at  Livonia,  but  is  not 
reported  from  the  Lower  Hamilton. 

75.  Btropheodonta  perplana  Ck>nrad. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  »8,  pis.  11, 12, 17,  and  19. 

This  species  is  more  abundant  in  this  section  than  S.  iruxquistriaia 
with  which  it  ijs  usually  associated.  The  largest  individuals  occur  in 
the  limestone  concretions  of  the  Upper  Hamilton.  At  Eighteenmile 
Creek  it  is  a  common  fossil,  but  is  not  as  abundant  as  S.  deniissa,  a 
species  which  is  seldom  seen  in  the  Cayuga  Lake  section.  8.  perjplana 
is  found  throughout  the  Hamilton  of  the  Livonia  section. 

76.  Btropheodonta  perplana  yar. 

A  single  specimen  with  long,  mucronate  points,  but  with  the  char- 
acters of  the  coarser  varieties  of  S.  perplana^  will  not  be  given  a 
varietal  name  until  more  individuals  are  found.  It  is  possible  that 
the  mucronations  were  due  to  some  disease  of  the  animal.  The 
length  of  the  shell  along  the  hinge  line  is  42  mm.,  the  width  of  the 
body  18  mm.,  and  the  length  of  the  shell  14  mm. 

Ghenus  I>H:OLir)OSTTtOI>III-A.  Hall  and  Clarice. 
77.  Pholidoftrophia  iowaentii  Owen. 
(Stropheodonta  nacrea  Hall)  Pal.  N.  Y.,  vol.  4, 1867,  p,  104,  pi.  18. 

With  the  exception  of  the  lower  part  of  Zone  I,  where  it  is  common, 
this  species  is  very  rare  in  the  Cayuga  Lake  section.  It  is  found 
rarely  in  Zones  N  and  Y. 

At  Eighteenmile  Creek  it  is  found  in  both  the  Upper  and  Lower 
Hamilton.  At  Livonia  it  is  reported  from  the  Encrinal  and  from  two 
zones  65  and  90  feet  above.  At  Kashong  Creek  it  occurs  both  above 
and  below  the  Encrinal  beds,  but  never  in  abundance. 

Subfamily  ORTHOTHETINyE  Waagen. 

O^nus  ORTHOTHET'ES  B^solier  de  ^[V'aldlieiMi. 

78.  Orthothetef  dLemungensis  var.  arotiitrUtni  Hall. 

{Streptorhynchus  chemungensis  arctostriata)  Pal.  N.  Y.,  vol.  4,  1867,  p.  71, 
pi.  9. 

This  variety,  though  seldom  common,  is  found  in  almost  every  zone 
in  the  Upper  Hamilton,  and  is  not  uncommon,  with  the  exception  of 
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Zone  E,  in  the  Lower  Hamilton  above  Zone  D.  It  is  quite  constant 
in  its  form  and  surface  markings.  At  Eighteenmile  Creek  it  is  scat- 
tered throughout  the  section  from  the  lowest  to  the  highest  zone.  It 
is  rare  above  the  Encrinal,  but  common  in  several  zones  below.  At 
Livonia  it  is  commoner  above  than  below  the  Encrinal  beds. 

79.  Orthothetei  dLemiingeiisii  var.  penrenui  Hall. 

{Streptorhynchus  cJiemungensis  perversus)  Pal.  N.  Y.,  vol.  4, 1867,  p.  72,  pi.  9. 

This  fossil  was  not  found  above  and  rarely  below  the  Encrinal  beds 
at  Caynga  Lake.  This  variety  is  readily  distinguished  from  O.  che- 
mungensis  arciistriatus  by  its  larger  foryi  and  surface  markings.  It  is 
rare  at  Eighteenmile  Creek,  where  it  is  found  only  below  the  Encrinal. 

80.  Orthothetei  chemiingeiLiis  var. 

A  variety  of  Orfhoihetes  approaching  Hall's  type,  SfrepiorTiynchivs 
pectinacea,  was  found  in  Zone  A.  All  of  the  specimens  are  casts,  or 
show  only  the  interior  of  the  shell.  One  verj^  good  specimen  meas- 
ures about  10  mm.  in  length,  15  mm.  in  width,  and  the  cardinal  area 
2  mm.  high.  In  this  specimen  there  are  seventeen  prominent  striae, 
with  from  two  to  no  weak  stri»  between.  The  surface  is  marked  by 
very  fine  undulating  concentric  lines. 

Family  PRODUCTIDiE  Gray. 

Subfamily  CHONETIN/E  Waagen. 

d-enus  CHONETKS  Fiscliei'  de  Walcllieim. 

81.  Chonetet  eoronatni  Conrad. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  133,  pi.  21. 

A  single  specimen  of  dorsal  valve  of  this  species  was  found  in  Zone 
A,  associated  with  Onondaga  (Cornif  erous)  species.  With  the  excep- 
tion of  this  zone  and  Zone  D,  it  was  not  found  below  Zone  II.  Between 
Zone  H  and  T  it  has  its  greatest  abundance.  In  the  upper  10  feet  of 
the  Upper  Hamilton  it  is  extremely  rare. 

At  Livonia  it  is  reported  from  the  Encrinal  and  above,  but  was  not 
found  in  the  Lower  Hamilton.  With  the  exception  of  the  Encrinal 
and  a  foot  of  shale  immediately  below,  this  species  is  rare  at  Eighteen- 
mile  Creek. 

82.  Chonetei  lepidni  Hall. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  132,  pi.  21. 

This  species  is  sometimes  not  easily  distinguished  from  the  young 
individuals  of  other  species  of  Chonetes.  Specimens  from  Zones  X 
and  Y  possess  a  number  of  points  of  differences  from  the  typical 
C.  lepidus,  but  may  be  of  this  species.  On  page  133  of  vol.  4,  Pal. 
N.  Y.,  Hall  says  that  the  original  specimens  designated  as  C.  lepida 
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are  very  small,  almost  hemispheric  shells.  The  strije  are  very  strong, 
angular,  etc.  This  description  accords  fairly  well  with  the  specimens 
in  question. 

At  Eighteenmile  Creek  C  lepklns  is  the  most  common  species  of 
ChoneU^  in  the  Hamilton  shale.  *'It  is  everywhere  abundant,  in 
some  layers  extremely  so. "  ^  This  species  is  not  so  common  at  Cayuga 
Lake  as  either  C  scitidus,  C  irmeronatus,  or  C.  vicinus.  It  is  found 
in  all  the  zones  of  the  Upper  Hamilton  with  the  exception  of  the 
Encrinal  bed.  In  the  Lower  Hamilton  it  is  not  common  in  any  zone 
and  is  entirely  wanting  in  the  lower  half  of  Zone  C. 

88.  Chonelef  lineatnf  Conrad. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  121,  pi.  20. 

This  Onondaga  (Comiferous)  species  was  found  in  Zone  A,  where 
it  is  very  common.  It  was  associated  with  Anoplotheca  Camilla^ 
S.  macriui,  Chonetes  coronatus,  C  imwronatiiSy  and  Amboccdia 
unibonata, 

84.  Chonetef  mnoronatxif  Hall. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  124,  pis.  20  and  21. 

This  species  is  very  common  in  the  lowest  zone  in  the  section,  Zone 
A.  It  is  met  with  rarely  in  Zone  C,  and  is  common  in  the  first 
Terebratida  zone.  Above  this  to  the  Encrinal  its  place  is  taken  by 
Chonetes  vicimis.  In  the  Upper  Hamilton  it  is  a  very  common  and 
well-preserved  fossil.  C.  mucrojiatiis  is  not  common  at  Eighteen- 
mile  Creek,  "where  it  is  nearly  restricted  to  the  lower  Moscow  shales." 
At  Livonia  it  is  not  reported  from  the  Upper  Hamilton,  but  is  found 
in  the  Lower  Hamilton. 

85.  Chonetei  foitolns  Hall. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  180,  pi.  21. 

This  species  comes  next  to  C.  niucranahis  in  abundance  in  this  sec- 
tion. It  is  rarely  found  in  the  first  and  second  Leiorhynchus  zones, 
but  is  common  especially  in  the  lower  half  of  the  Upper  Hamilton. 

At  Livonia  it  is  common  throughout  the  Upper  and  Ix)wer  Hamil- 
ton, while  at  Eighteenmile  Creek  it  is  common  in  the  Lower  but  rare 
in  the  Upper  Hamilton. 

86.  Chonetei  setigemi  Hall. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  130,  pi.  21. 

A  single  specimen  of  this  species  was  found  in  Zone  T. 

87.  Ohonetes  vicinus  Castelnan. 

(C.  deflecta,  Hall),  Pal.  N.  Y.,  vol.  4,  1867,  p.  128,  pi.  21. 

King  Ferry  station  is  one  of  the  type  localities  for  this  species.  As 
developed  here  it  is  distinguished  from  C  rmicronatiLs  by  its  larger 
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size  and  greater  number  and  fineness  of  the  strife.  The  average  size 
is  7  mm.  in  length  and  13  mm.  in  width.  It  is  an  exceptionally  abun- 
dant species  in  the  first  115  feet  below  the  Encrinal  It  was  not  found 
above  or  below  this  zone. 

At  Eighteenmile  Creek  it  is  common  in  one  zone  2  or  3  feet  above 
the  Encrinal,  but  is  rare  in  the  Lower  Hamilton.  At  Livonia  it  is 
found  throughout  the  section,  witli  the  exception  of  the  upper  160 
feet  of  the  Upper  Hamilton. 

87*.  Chonetes  sp. 

A  specimen  which  could  not  be  referred  to  any  described  species  of 
CJumeies  was  found  in  Zone  I.  The  size  is  4  mm.  in  length  and  7 
mm.  in  width.  The  striae  are  fine  and  round  and  number  32.  The 
spaces  between  the  strife  have  a  reticulate  appearance. 

Subfamily   PRODUCTIN^C  Waagen. 

G-enuH  r»ROX)TJCTKLL^  Hall. 

88.  ;Prodiiotella  fpinalieosta  Hall. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  160,  pi.  23. 

This  is  a  widespread  bui  not  an  abundant  species  in  this  section, 
being  found  in  almost  every  zone  from  Zone  D  to  the  Tully  limestone. 
It  was  found  in  the  arenaceous  shales  of  the  Marcellus,  but  is  want- 
ing in  the  fine  shales  of  Zone  C,  its  place  being  taken  by  Strophalosia 
truncata.  A  specimen  from  Zone  Y  bears  a  strong  resemblance  to  P. 
lachrymosa  (Conrad)  of  the  Chemung  and  may  be  of  that  species. 
P.  spinvlicosta  is  an  extremely  variable  species. 

89.  Prodaotella  navioeUa  Hall. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  156,  pi.  23. 

A  few  specimens  from  concretionary  layers  in  the  upper  part  of 
Zone  C,  about  65  feet  below  Zone  D,  in  Dean  Creek,  were  referred 
provisionally  to  this  species.  The  arcuate  form,  small  size,  and  the 
position  of  the  spines  accord  well  with  the  description  given  by  Hall. 

GrenuH   ST^ROPH^I^OSIA  King. 

90.  Strophalofia  truncata  Hall. 

(Productella  truncata)  Pal.  N.  Y.,  vol.  4,  1867,  p.  160,  pi.  23. 

This  species  was  found  in  the  Marcellus  shales  and  continued  up 
into  the  barren  shales  of  Zone  E.  In  one  layer  in  Zone  C,  a  fraction 
of  an  inch  thick,  it  occurs  in  great  abundance.  At  Eighteenmile 
Creek  it  is  found  in  the  Marcellus  shales  and  rarely  in  the  next  zone 
above. 
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Family  ORTHIDJi:  Woodward. 

G^etiuH  RHIFIDOMKILiILiA  Oelilert. 
91.  BhipidomelU  Taniizeiiii  Hall. 
(Orthis  vanuxemi)  Pal.  N.  Y.,  vol.  4,  1867,  pp.  40,  47,  pi.  5. 

This  is  a  very  common  species  in  the  Upper  Hamilton  in  the  Cayuga 
Lake  section,  but  was  found  in  only  one  zone  in  the  Lower  Hamilton. 
It  has  the  same  range  at  Livonia  as  at  Cayuga  Lake,  except  that  it  is 
not  reported  from  the  shales  below  the  Encrinal. 

At  Eighteenmile  Creek  it  is  one  of  the  commonest  fossils  in  the 
Lower  Hamilton  and  is  found  rarely,  and  in  but  one  zone,  above  the 
Encrinal. 

At  Cayuga  Lake,  with  the  exception  mentioned  above,  no  rhipido- 
mellas  are  found  in  the  Lower  Hamilton.  This  is  true  of  the  Livonia 
section  with  the  exception  of  R.  leriticularis  (?),  which  is  reported  as 
common  in  a  mixed  Onondaga  (Comiferous)  and  Hamilton  faunule 
at  the  base  of  the  Lower  Hamilton. 

* 
92.  ShipidomeUa  oyoUi  Hall. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  52,  pi.  7. 

One  specimen  from  Zone  T  was  identified  as  this  species.  The  striae 
are  sharper  and  fewer  and  the  hinge  line  longer  than  in  the  small 
forms  of  i?.  vanuxemi, 

98.  BhipidomeUa  penelope  Hall. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  50,  pi.  6. 

One  specimen  from  Zone  Y  is  referred  to  this  species  because  of  its 
larger  size.  The  surface  markings  were  obliterated.  It  may  prove  to 
be  a  large  individual  of  jB.  vanuxemi. 

This  species  is  common  at  Kashong  and  Eighteenmile  creeks. 

Superfamily  PENTAMERACEA  Schuchcrt. 
Family  PENTAMERIDJE  McCoy. 

G-enuM  P»E:NTrA]VIKRE:iL.L  A  Hall. 
98*.  PentamereUa  payilioneniii  Hall. 
Pal.  N.  Y.,  vol.  4, 1867,  p.  377,  pi.  58. 

A  few  badly  crushed  specimens  of  this  species  were  found  in  the 
lower  portion  of  Zone  D.  It  is  not  uncommon  in  the  Encrinal  beds 
of  the  Seneca  Lake  section. 
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Soabkingdom  MOLLUSC  A.. 
Class  PELECYPODA  Goldfuss. 

The  Pelecypoda  in  this  paper  are  classified  according  to  Dall,  as 
given  in  Eastman's  translation  of  Zittel's  "Text  Book  of  Pal»ntol- 
ogy,"  1900.  Grenera  which  are  not  mentioned  in  the  text-book  are 
placed  with  the  most  closely  allied  forms.  Such  additions  ai*e  indi- 
cated by  a  question  mark  before  each  genus  so  referred. 

Adjustment  to  environment — The  Pelecypofla  of  the  Hamilton 
seemed  to  be  very  much  less  closely  adjusted  to  their  environment 
than  the  Brachiopoda,  as  is  shown  by  the  fact  that  an  apparently 
slight  change  of  environment  was  sufficient  to  produce  a  great  abun- 
dance or  almost  total  extinction  of  certain  genera  of  Brachiopoda, 
whereas  the  Pelecypoda  often  survived  several  changes  of  these 
brachiopod  faunules  and  were  never  abundant. 

Order  PRIONODESMACEA  DaU. 
Family  SOLEMYACID^  DaU. 

94.  Phthonia  nodieottata  HalL 

PaL  N.  Y.,  vol.  6,  pt.  1,  1885,  p.  474,  pi.  78. 

Two  specimens  of  this  species  were  found  in  Zone  M.  They  meas- 
ured 23  and  20  mm.  in  length. 

95.  Phthonia  oyUndrioa  HalL 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  478,  pi.  78. 

A  single  individual  of  this  species  was  found  in  each  of  three  zones. 
Two  of  these  measured  17  and  21  mm.  in  length,  and  8  and  10  mm.  in 
height,  respectively. 

96.  Phthonia  i octifirons  Ck>iirad. 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  475,  pi.  78. 

A  right  valve  of  this  species,  with  the  surface  markings  well  pre- 
served, was  found  in  Zone  Y. 

Family  SOLENOPSID^  Neumayr. 

Q-exLus  ORTHON"OXA.  Conrad. 

97.  Orthonota  carinata  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  479,  pi.  78. 

This  well-marked  species  was  found  rarely  in  two  zones  in  the 
Upper  and  two  in  the  Lower  Hamilton. 


Digitized  by 


Google 


60  FAUNA   OF   HAMILTON   FOBMATION.  [bull. an 

98.  Orthonota  andnlata  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  478,  pi.  78. 

This  species  was  found  in  both  the  Upper  and  Lower  Hamilton. 
Five  specimens  measured  64,  62,  57,  40,  and  27  mm.  in  length  and  16, 
15,  15,  10,  and  8  mm.  in  height,  respectively. 

99.  Orthonota  (1)  parmla  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  488,  pis.  65.  78. 

This  species  is  rare  in  every  part  of  the  section,  but  is  found  in 
a  number  of  zones  in  both  the  Upper  and  Lower  Hamilton  above 
Zone  D.  At  Livonia  it  was  found  in  the  upper  100  feet  of  the  Ham- 
ilton and  in  one  other  zone  above  the  Encrinal. 

G-enuH  I^ROTHYRIS  IVLeek. 

100.  Protliyrii  lanoeoUta  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  460,  pi.  76. 

This  is  a  very  rare  species  in  this  section.  The  largest  specimen 
measured  25  mm.  in  length  and  10  mm.  in  height,  the  smallest  about 
10  mm.  in  length  and  2^  mm.  in  height. 

101.  Prothyrii  tninoata  sp.  nov. 

Shell  small,  rectangulate,  length  more  than  twice  the  height.  Basal 
margin  nearly  straight  and  truncate  behind,  cardinal  line  long, 
straight,  essentially  parallel  to  the  basal  margin.  Anterior  end  lim- 
ited from  the  body  by  a  low,  narrow  fold.  Valves  almost  flat.  Beaks 
very  inconspicuous.  A  well-marked  diagonal  ridge  id  situated 
slightly  posterior  to  the  beak.  Shell  marked  by  faint  concentric 
strife,  which  are  somewhat  fasciculate  along  the  basal  margin. 

Three  specimens  measui*ed  13,  11,  and  10  mm.  in  length,  and  5,  3, 
and  3  mm.,  respectively,  in  height. 

This  species  differs  from  P.  lanceolata  in  its  truncated  posterior 
extremity  and  in  the  diagonal  ridge;  from  P.  plantdata  in  the  flatness 
of  the  valves  and  the  absence  of  an  angular  umbonal  slope. 

Family  GRAMMYSIID^.  Fischer. 

&enuH  G^RA]VI]VIYSIA  <ie  Verneuil. 

102.  Orammysia  constricta  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  I,  1885,  p.  377,  pis.  59  and  78. 

This  species  is  rare  throughout  the  section,  and  was  not  found  below 
Zone  D.  The  surface  markings  vary  from  almost  continuous  radiat- 
ing lines  to  widely  separated  pustules,  which  can  hardly  be  said  to 
present  a  radiating  appearance. 
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108.  Ghrammysia  onneata  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  388,  pis.  62  and  93. 

This  species,  like  all  species  of  Oramniysia,  is  far  from  common  in 
any  portion  of  the  section. 

104.  Orammytia  aronata  Conrad. 

Pal.  N.  Y.,  vol.  6,  pt.  1,  1885,  p.  373,  pis.  61,  63,  and  93. 

Ten  or  15  feet  below  the  Encrinal  this  species  is  quite  common,  else- 
where it  is  rare.  Three  valves  (one  of  which  measures  fully  80  mm. 
in  length)  from  Zone  Y  answer  the  description  of  O.  suharcuata  of  the 
Chemung  fairly  well,  but  were  included  in  O.  arcuata. 

105.  Orammysia  bisuloata  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  359,  pis.  56  and  93. 

A  few  specimens  of  this  species  were  found  in  Zone  G.  It  is  reported 
from  the  upper  160  feet  of  the  Upper  Hamilton  at  Livonia. 

106.  Elymella  fabalii  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  502,  pi.  40. 

Two  valves  from  Zone  Y  are  referred  to  this  species.  The  anterior 
end  is  rather  too  long  for  E.  fahalisy  but  may  be  a  variation. 

107.  Elymella  naonloides  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  p.  503,  pi.  40. 
A  few  specimens  of  this  species  were  found  in  Zone  X. 

G-erLTis  Q-LOSSITES  Hall. 

108.  Olossitei  Bubteniiii  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  495,  pi.  40. 

There  is  some  doubt  as  to  the  correctness  of  the  identification  of  the 
8i)ecimen  referred  to  this  species. 

G-enus  TELLINOFSIS  Hall. 

109.  TeUinopsis  snbemarginata  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  464.  pi.  76. 

This  species  is  common  in  Zone  X,  the  center  of  Zone  T,  Zone  J, 
Zone  G,  and  the  lower  portion  of  Zone  D.  It  is  never  abundant  and 
seldom  common,  but  is  found  in  almost  all  the  zones  in  this  section. 

At  Eighteenmile  Creek  a  single  specimen  was  found.  It  is  reported 
from  four  zones  in  the  Upper  Hamilton  of  the  Livonia  section. 

Two  large  specimens  were  45  and  30  mm.  long  and  27  and  17  mm.  wide. 
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Family  CARDIOLIDiE  Neumayr. 

O-enus  I>AN'KNT£-A.  Barrande. 

110.  Panenka  linokUmi  Miller. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  p.  420,  pi.  69. 

The  specimen  which  was  referred  to  this  species  is  probably  a  new 
species.  It  differs  from  P.  Uncldwni  in  the  broad  concave  plications, 
the  almost  flat  interspaces,  and  the  absence  of  intermediate  radii. 
Both  plications  and  interspaces  are  crossed  by  fine  concentric  lines. 
Found  in  Zone  T. 

111.  PaiMiika  peteni  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  422,  pi.  69. 

A  very  imperfect  specimen  about  60  mm.  in  height  is  doubtfully 
referred-  to  this  si>ecies.  It  was  found  associated  with  lAinvHcar- 
dium  curium  and  L,  omata  in  Zone  C. 

112.  Panenka  sp.  nndet. 

A  small,  well-preserved  cast  of  a  Panenka  from  Zone  X  does  not 
answer  the  description  given  in  the  New  York  Paleontology.  It  is 
about  12  mm.  high  and  of  the  same  length.  The  plications  number 
22  and  reach  the  beak.  Faint  concentric  lines  can  be  seen.  This 
specimen  bears  a  resemblance  to  P.  retusa,  which  is  reported  from 
Cayuga  Lake.  The  plications  of  P.  retusa^  however,  number  35,  with 
narrow  interspaces,  while  the  size  is  30  mm.  in  length  and  31  mm.  in 
height. 

a-enuH  G-LYI>TOCAKX)I^  BCall. 
118.  Olyptooardia  fpedosa  HaU. 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  426,  pis.  70  and  80. 

This  species  is  found  occasionally  in  Zones  T,  F,  and  E;  elsewhere 
in  the  section  it  is  very  rare  or  wanting.  The  largest  specimen  from 
Zone  F  measured  11  mm.  in  height.  It  is  not  rei)orted  from  Eighteen- 
mile  Creek  or  Livonia. 

Superfamily  NUCULACEA. 
Family  (?)  CTENODONTTD.E  DaU. 

a-eiiu«  NTJCTJI^ITHiS  Conrad. 

114.  Kacnlites  triqneter  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  326,  pis.  47  and  93. 

This  species  is  common  throughout  the  section,  except  wnere  ttie 
shales  are  calcareous,  as  in  the  Encrinal  bed.  Zone  D  and  Zone  G. 
The  variations  in  form  are  not  progressive.  It  is  not  uncommon  at 
Livonia,  but  was  not  found  above  the  Marcellus  shale  at  Eighteen- 
mile  Creek. 
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115.  Hnonlitoi  oblongatui  Conrad. 
Pal.  N.  Y.,  vol.  6,  pt.  1, 1885,  p.  824,  pi.  47. 

What  has  been  said  regarding  the  distribution  of  N.  t/riquder  in 
the  Cayuga  Lake  section  is  true  of  N.  oblongatus.  The  conditions 
which  were  favorable  to  one  were  favorable  to  the  other. 

At  Eighteenmile  Creek  it  is  rare  in  the  only  zone  in  which  it  occurs. 

Family  NUCULIDiE  Adams. 

G-exi-tLS  INTTJCTJI-i-A.  Xjamarok. 

116.  Hacala  varioota  Hall. 

Pal.  N.  Y.,  vol.  6,  pt.  1,  1885,  p.  819,  pis.  46  and  98. 

This  is  a  very  variable  species,  the  extremes  of  which  are  often  dif- 
ficult to  classify.     It  is  one  of  the  rarer  nuculas. 

117.  Hucula  randaUi  HaU. 
Pal-  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  315,  pis.  45  and  93. 

A  small  Niumla  from  Zone  I  was  referred  doubtfully  to  this  species. 

118.  Huonla  lirata  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  316,  pis.  45  and  93. 

This  is  a  common  species  in  the  Upper  but  is  not  often  found  in  the 
Lower  Hamilton  in  this  section.  It  is  reported  from  two  zones  in  the 
Upi>er  Hamilton  at  Livonia.     It  does  not  occur  at  Eighteenmile  Creek. 

119.  HuoiOa  belliitriata  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  818,  pi.  46. 

This  species  is  so  closely  related  to  N.  varieosa  that  in  some  cases 
it  is  difficult  to  distinguish  between  them.  It  is  not  uncommon 
between  Zone  D  and  the  TuUy  limestone,'  but  is  never  abundant. 

180.  Hneula  oorbuliformii  HaU. 
Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  319,  pi.  46. 

This  is  more  common  and  has  a  greater  vertical  distribution  than 
any  other  Niumla  in  the  section.  It  is  found  throughout  the  Marcel- 
lus  and  Hamilton  shales  along  Cayuga  Lake.  Unlike  the  Brachiopoda, 
it  is  present  in  almost  every  zone  except  those  which  are  very  calcare- 
ous, as  the  Encrinal,  and,  although  it  is  never  exceptionally  abun- 
dant in  the  aggregate,  the  number  of  individuals  is  very  great. 
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Family  LEDID.E  Adams. 

OeiiUM  lahZDJ\.  HoKumaolier. 

121.  Leda  rottelUta  Conrad. 

Pal.  N.  Y..  vol.  5,  pt.  1,  1885,  p.  3;W,  pi.  47. 

This  species  is  common  in  the  StrajyJieodontn-CovaMine  zone,  but  is 
rare  elsewhere  in  the  section.  It  was  not  found  in  the  Marcellus 
shales  or  Zone  C.  It  is  not  reported  from  Livonia  or  Eighteemnile 
Creek. 

188.  Leda  breviroitris  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  329,  pi.  47. 
Specimens  from  Zone  Y  were  referred  to  this  species. 

GhenuH  PA-L^KONEILO  Hall. 

188.  PalflBonello  oonstriota  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  333.  pis.  48  and  51. 

P.  consfricfa  is  a  common  and  sometimes  an  almost  abundant 
species  throughout  the  greater  portion  of  the  section  above  Zone  D. 
It  was  also  found  in  the  upper  part  of  Zone  C.  Its  greatest  abundance 
is  in  Zone  T. 

184.  PalsBoneilo  emarginata  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  18a5,  p.  338,  pi.  50. 

This  strongly  marked  species  is  common  in  Zone  W,  in  the  lower 
part  of  Zone  T,  and  in  Zone  I;  elsewhere  in  the  section  it  is  very  rare. 

185.  PalflMneUo  plana  Hall. 

Pal.  N.  Y.,  vol.  5.  pt.  1,  1885,  p.  334,  pi.  48. 

This  species  was  not  found  below  Zone  R.  It  is  quite  common  in 
Zone  W  and  in  the  upper  part  of  Zone  T. 

186.  PalaBoneilo  maxima  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  18.S5,  p.  335,  pi.  48. 

A  single  specimen  from  Zone  Y  was  referred  to  this  species.  It 
measured  34  mm.  in  length  by  19  mm.  in  height. 

187.  PalttoneUo  muta  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  337,  pi.  49. 

This  species  was  found  only  in  the  Upper  Hamilton,  and  then  but 
rarely.  Three  sp(»ciniens  measured  19,  10,  and  10  mm.  in  length  and 
11,  8,  and  5  mm.  in  height,  respectively. 
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188.  PalflBoneilo  fecunda  HaU. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1886,  p.  386,  pi.  49. 

This  is  a  rare  species  in  this  section.     With  the  exception  of  a 

Hingle  specimen  from  Zone  I,  it  is  only  found,  and  rarely,  in  the  Upper 

Hamilton. 

189.  PalaoneUo  tenuiitriata  HaU. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  386,  pis.  49  and  93. 

This  species  is  restricted  to  a. narrow  zone  in  the  Upper  Hamilton  of 
which  Zone  W  is  the  center.  One  specimen,  which  retains  a  portion 
of  the  shell,  shows  radiating  lines  apparently  due  to  the  original 
color  of  the  shell.     Other  specimens  show  faint  radiating  lines. 

Family  PARALLELODONTID^  DaU. 

O-enus  FARAJLiLELODON  Mieek. 
180.  ParaUelodon  hamiltonisB  Hall. 
(Macrodon  hamiltonice)  Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  849,  pi.  51. 
This  species  is  quite  common  from  Zone  D  to  the  Tully  limestone. 
It  was  found  in  Zones  B  and  C. 

(P)  O^nus  SFHEN'OT'TJS  Hall. 
181.  Sphenotni  aro»formii  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  395,  pis.  65  and  66. 
A  small  specimen  of  this  species  from  Zone  K  measured  9  mm.  in 
length  and  4  mm.  in  height.     The  normal  size  is  26  to  32  mm.  in 
length  and  12  to  14  mm.  in  height. 

188.  Bphenotni  eimeatiif  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  396,  pi.  65. 
Four  well-marked  specimens  of  this  species  were  found  in  Zone  6. 
The  specimens  measured  19,  15,  16,  and  6  mm.  in  length  and  9,  8,  8, 
and  4  mm.,  respectively,  in  height. 

188.  Bphenotas  tolenoidei  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  398,  pi.  45. 
This  is  a  rare  species  in  this  section.     It  was  found  in  Zones  D 
and  L. 

Superfamily  PTERIACEA  Dall. 

Family  PTERlNEIDiE  Dall. 

O^nus  irrKRINEA  GroidAiss. 
184.  Pterinea  flabella  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1. 1885,  p.  93,  pis.  14  and  15. 

This  species  was  not  found  in  the  Upper  Hamilton  and  is  very  rare 
in  the  Lower  Hamilton,  being  common  in  no  zone.  At  Eighteenmile 
Creek  it  is  found  commonly  a  few  feet  below  the  Encrinal  beds,  but 
is  not  reported  above. 
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Family  LUNULICARDIID^  Fischer. 

O-enus  LXINXTLICARDIXIM:  MUnster. 

185.  Lanalioardiiuii  fragile  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  484,  pi.  71. 

This  species,  with  the  exception  of  Zone  D,  is  not  uncommon 
between  Zones  A  and  G.  Above  Zone  G  it  is  rarely  found.  At 
Ei^hteenmile  Creek  it  is  reported  from  but  one  zone  above  the  Mar- 
cellus  shale.  At  Livonia  it  is  a  common  fossil  below  the  Encrinal,  and 
is  abundant  in  one  zone  of  the  Upper  Hamilton. 

186.  Lanalioardiiuii  eartam  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  437,  pi.  71. 
This  occurs  rarely  in  the  shales  of  Zone  C  and  the  Marcellus. 

187.  Lanalicardiam  ornatam  Hall. 

Pal  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  437,  pi.  71. 
This  species  was  found  in  the  upper  part  of  Zone  C. 

Family  AMBON YCHIID.E  Miller. 

G-enuB  r»LE'rHO]VIY1^ILITS  Hall. 
188.  Pletliomytilai  oviformis  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  255,  pis.  31  and  87. 

This  species  was  found  in  Zones  I,  F,  X,  and  Y.  The  specimens 
measured  62,  32,  and  8  mm.  in  height,  and  50,  26,  and  6  mm.  in  length. 
At  Eighteenmile  Creek  it  is  restricted  to  the  upper  Encrinal  beds. 

GJ^eriTZH    IMYTILARC^    Hall. 
189.  Mytilarca  gibbosa  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  263,  pis.  33  and  87. 

The  specimen  which  was  referred  provisionally  to  this  species  is 
about  midway  between  M.  gibbosa  and  M,  simplex  in  form.  It  meas- 
ures 35  mm.  in  height  and  24  mm.  in  length. 

GS-enuH  SPA'X^HKLLA  Hall. 
140.  Spatbella  typioa  Hall. 

Pal.  N.  Y.,  vol  5,  pt.  1,  1885,  p.  407,  pi.  66. 

This  specimen  is  28  mm.  in  length  and  14  or  15  mm.  in  height.  It  is 
slightly  crushed  dorio-ventrally .  The  concentric  li^eg  are  strong,  with 
pocasional  fin^r  coQQentrio  striae  between. 
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Family  CONOCARDIID^  Neumayr. 

a-enus  CONOCAR13IXJM:  Broun. 

141.  Conoeardlum  normale  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  411,  pi.  68. 

A  single  specimen  of  this  genus  was  found  in  Zone  I.  The  surface 
markings  on  the  posterior  and  the  anterior  expansion  of  the  shell  along 
the  edge  of  the  umbonal  ridge  can  be  made  out. 

Family  PTERIID^  Meek. 

Subgenus  ACTINOPTERIA  HaU. 

148.  Actinopteria  boydi  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  113,  pis.  19  and  84. 

This  is  a  rare  fossil  in  this  section.  It  is  found  occasionally  in  the 
limy  shales  of  Zones  Y  and  D. 

148.  Actinopteria  deeuesata  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  Ill,  pis.  17,  18,  20,  and  84.  * 

A  few  specimens  of  this  species  were  found  in  the  Upper  Hamilton. 

144.  Actinopteria  snbdeonssata  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  110,  pis.  17  and  19. 
A  single  specimen  was  found  in  Zone  T. 

O-exLUs  LKIOrrrERI^  Hall. 

145.  Leiopteria  greeni  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  160,  pis.  20  and  88. 

A  single  specimen  of  this  species  was  found  in  Zone  L.  It  measured 
38  mm.  in  height  and  32  mm.  along  the  hinge  line. 

146.  Leiopteria  IsBvis  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  158,  pis.  17  and  20. 

This  species  is  common  in  the  Upper  Marcellus,  seldom  found  in 
Zone  C,  and  occasionally  in  the  shales  above  Zone  D. 

147.  Leiopteria  raflneeqiiii  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  161,  pis.  15,  20. 
Specimens  from  Zones  J  and  D  belong  to  this  species. 

148.  Leiopteria  gabbi  HaU. 

Pal.  K.  Y.,  vol.  5,  pt.  1,  1885,  p.  169,  pi.  88. 

One  individual  of  this  species  was  found  in  Zone  C,  One  from  Zone 
T  was  referred  to  it  with  some  doubt. 
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149.  Leiopteria  layi  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1. 1885,  p.  162,  pi.  88. 

This  species  is  rather  common  in  Zone  T,  but  not  elsewhere  in  the 
section.     It  is  associated  with  L.  Icei^is, 

150.  LeioptarU  oonradi  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885.  p.  159,  pis.  20  and  88. 

A  number  of  specimens  from  Zones  D  and  T  were  of  this  species. 
A  number  of  intermediate  forms  were  included. 

151.  Leioptaria  dekayi  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  164,  pis.  19,  20,  88. 

One  specimen  from  Zone  T  was  of  this  species.  It  was  not  perfect, 
but  the  obliqueness  of  the  form,  which  is  very  characteristic  of  L, 
dekdyi,  is  quite  pronounced. 

Family  MYALINID^]  Freeh. 

*  G-enuH  M:0I>IB]IL.I^^  Hall. 

152.  ModieUa  pyg^maa  Ck)nrad.  • 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  514,  pi.  76. 

This  species  is  found  occasionally  in  Zone  C  and  is  one  of  the  com- 
mon fossils  from  Zone  D  to  within  a  foot  of  the  TuUy  limestone.  It 
reaches  its  greatest  abundance  in  Zone  T.  It  has  very  much  the  same 
habit  as  Nuculites  ohhngatus  and  lY.  triqueter.  Although  seldom  com- 
mon, it  is  almost  always  present  except  in  very  limy  sediments. 

Superfamily  TRIGONIACEA  Bronn. 
Family  TRIGONIID^  Lamarck. 

GJ^eniiH  SCHIZODTJS  King, 
158.  Schiiodns  appreiini  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  449,  pi.  75. 
This  is  a  rare  species,  but  is  not  confined  to  any  one  zone. 

154.  Sohisodni  contractni  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  p.  451,  pi.  75. 

Specimens  of  this  species  were  found  in  the  shales  immediately 
under  the  TuUy  limestone  and  in  Zone  D.  Between  these  zones  it  is 
wanting.  One  individual  measured  4  mm.  in  height  and  7  mm.  in 
length. 
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Superfamily  PECTINACEA  Reeve. 
Family  PECTINIDiE  Lamarck. 

GhenuH  ^VICTTLOPKC^rKN-  IVtoCoy. 
165.  Avionlopecten  princepi  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  1,  pis.  1,  5,  6,  24,  and  81. 

This  species  is  from  the  upper  and  lower  portions  of  the  Upper 
Hamilton.  It  seemed  to  thrive  best  in  calcareous  sediments.  One 
right  valve  had  markings  similar  to  those  shown  in  pi.  81,  fig.  16.  It 
was  found  in  six  zones  at  Eighteenmile  Creek. 

156.  Avienlopeoten  fasoicnlatui  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  18a5,  p.  11,  pis.  5  and  81. 

One  imperfect  specimen  from  Zone  D  was  doubtfully  referred  to 
this  species. 

157.  Avionlopecten  soabridnB  EEall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  7,  pi.  3. 

A  very  much  distorted  specimen  with  the  characteristic  surface 
markings  was  found  in  Zone  G. 

Subgenus  Pterineopcctcn  Hall. 

158.  Pterineopeoten  nndoeui  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  ias.5,  p.  72,  pis.  2  and  82. 

This  species  is  restricted  to  the  Upper  Hamilton  and  the  upi>er  50 
feet  of  the  Lower  Hamilton.  It  is  nowhere  (common,  and  varies  greatly 
in  shape  and  surface  markings. 

159.  Pterineopeoten  yertanmnB  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  71,  pis.  5  and  83. 

This  species  is  found  in  three  zones,  only  one  specimen  being  found 
in  each. 

160   Pterineopeoten  intermedial  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  68,  pis.  17  and  83. 

This  species  is  slightly  commoner  than  the  preceding  species  of 
Pterineopecten^  and  is  found  in  a  number  of  zones  from  Zone  I)  t-o  the 
Tully. 

161.  Pterineopeoten  hermei  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  64,  pi.  17. 

This  is  a  well-marked  but  variable  specnes,  and  when  poorly  pre- 
served often  resembles  P.  infermediius. 
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Subgenus  LYRIOPECTEN  Hall. 

168.  Lyriopecten  orbiculatui  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  18a5,  p.  43,  pis.  4  and  82. 

A  specimen  from  Zone  D  was  referred  with  considerable  certainty 
to  this  genus  and  species. 

Superfamily  MYTILACEA  Perussac. 

Family  MODIOLOPSID^  Fischer. 

<3^eniiH  1V10I>I0M:0RI'H:A  Hall. 

168.  Modiomorpha  mbAlata  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  283,  pis.  85  and  39. 

This  species  is  not  uncommon  in  Zones  J,  F,  and  the  upper  part  of  C. 
Four  specimens  measured,  respectively,  19,  21,  24,  and  32  mm.  in  length 
and  11,  12,  15,  and  18  mm.  in  height.  It  is  a  common  species  in  the 
Lower  Hamilton  at  Eighteenmile  Creek. 

164.  Modiomorpha  conoentrioa  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  275,  pis.  34,  35, 36. 

This  is  the  commonest  Modiomorpha  at  Cayuga  Lake.  It  is  dis- 
tributed from  Zone  D  to  the  uttermost  zone  in  the  Hamilton.  It  is 
common  in  Zones  H,  O,  T,  and  X.  At  Eighteenmile  Creek  it  is  com- 
mon in  the  Encrinal  and  is  found  occasionally  in  the  Lower,  but  does 
not  occur  in  the  Upper  Hamilton. 

166.  Modiomorpha  mytiloideB  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  p.  277,  pis.  37  and  38. 

This  species  is  far  from  being  common,  but  is  found  occasionally  in 
Zone  D  and  above.  It  is  common  in  three  zones  above  the  Encrinal 
at  Livonia,  but  it  is  not  reported  from  Eighteenmile  Creek. 

166.  Modiomorpha  alta  Conrad. 

Pal.  N.  Y.,  vol.  5.  pt.  1,  1885,  p.  278,  pis.  37,  80. 

Two  small  specimens  from  Zone  X  were  referred  to  this  species. 
A  number  of  specimens  which  seem  to  be  of  a  new  species  have  been 
placed  in  this  species.  The  measurements  of  these  were  25,  18,  15, 
10,  and  1  mm.  in  length  and  16,  11,  11,  7,  and  5  mm.  in  height. 

Ghenns  GJ-ONIOFHORA.  PKillips. 

167.  Ooniophora  hamiltonensis  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  296,  pi.  43. 

This  species  is  found  rarely  in  eight  zones,  commencing  with  the 
first  Terebratvla  zone  (D),  to  the  TuUy  limestone. 
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168.  Ooniophora  tmnoata  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  298,  pis.  43  and  44. 

This  well-marked  species  was  found  in  Zones  S  and  Y.  Only  one 
si)ecimen  was  found  in  each  zone  and  both  were  badly  crushed. 

169.  Ooniophora  mgooa  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  297,  pis.  42  and  48. 

A  few  specimens  of  this  species  were  found  between  Zone  D  and 
the  Tully  limestone.  Two  specimens  measured  40  and  46  mm.  in 
length  and  26  and  28  mm.  in  height,  respectively. 

170.  Ooniophora  glanoni  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  299,  pis.  48  and  44. 

A  single  badly  crushed  specimen  from  Zone  Y  was  referred  to  this 
species  with  doubt. 

Order  ANOMALODESMACEA  Dall. 

Superfamily  ANATINACEA  Dall. 

Family  PHOLADELLID^  Miller. 

G-enuH  I>IIOa:..AJDKIL.LA.  Hall. 
171.  Fholadella  radiate  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  469,  pis.  78  and  96. 

This  species  was  not  found  in  the  Marcellus  shales  nor  in  Zone  C, 
but  is  scattered  throughout  the  remainder  of  the  section.  It  occurs 
frequently  in  the  upper  shales  of  the  Lower  Hamilton  and  is  almost 
abundant  in  Zone  O. 

Three  specimens  measured  25,  7  and  5  mm.  in  length  and  13,  4, 
and  2  mm.  in  height,  respectively. 

178.  FholadeUa  paraUela  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  470,  pi.  78. 

This  well-marked  species  was  found  in  Zone  T.  It  is  rare  in  this 
zone  and  was  not  obtained  elsewhere  in  the  section. 

GK»TixiH  CUVLITA^RIA  Hall. 

178.  Cimiteria  cormgate  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  465,  pi.  77. 

This  species  was  found  in  Zcmes  Y  and  H,  but  was  not  seen  else- 
where in  the  section. 
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174.  OimiUriA  elongmta  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  466,  pi.  77. 

Two  specimens  of  this  species  were  obtained  from  the  Encrinal 
band  at  King  Ferry. 

Order  TELEODESMACEA  Dall. 

Supcrfamily  CYPRICARDIACEA  Dall. 

Family  PLEUROPHORII)^  Dall. 

Q^rxxxa  CYFRICARIDKLL^  Hall. 
175.  CypricardeUa  belliitriata  Conrad. 

{Microdon  bellistriatm)  Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  808,  pis.  42, 78,  74. 

This  species  is  common  in  the  upper  part  of  the  Upper  Hamilton 
and  in  the  upper  portion  of  the  Lower  Hamilton;  in  the  latter  it  is 
almost  abundant.  Aside  from  these  two  zones  the  species  is  quite 
rare  in  this  section. 

At  Eighteenmile  Creek  it  was  not  found  above  the  Encrinal  and, 
with  the  exception  of  one  zone  at  the  base  of  the  Hamilton,  is  very 
rare  throughout  the  section.  One  very  large  specimen  from  the 
Encrinal  bed  on  Paines  Creek  measured  (JO  mm.  in  length  and  38 
mm.  in  height. 

OeniJH  CYPT^TCARDIT^TA  Hall. 
176.  Cyprioardinia  indenta  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  18a5,  p.  485,  pis.  79  and  96. 

This  species  is  common  in  two  zones,  in  Zone  X  and  the  middle 
third  of  Zone  D. 

Specimens  measured  14,  9,  and  7  mm.  in  length  and  8,  5,  and  4  mm. 
in  height,  respectively.  It  is  a  Lower  Hamilton  fossil  at  Eighteen- 
mile  Creek. 

Superfamily  LrUCINACEA  Anton. 
Family  LUCINID^  Fleming. 

Oenus  r»ARACYCIL.^S  Hall. 
177.  Paraoyclas  tenuii  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  443.  pis.  72  and  95. 

This  species  is  rather  common  in  three  zones  of  the  Upper  and  in 
one  zone  of  the  upper  part  of  the  Lower  Hamilton.  It  varies  greatly 
in  size  and  in  the  strength  of  its  concentric  striae,  but  is  readily  dis- 
tinguished from  the  other  species  of  this  genus.  It  is  not  reporte<l 
from  Eighteenmile  Creek  or  Livonia. 
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178.  PuraeyelM  lirata  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  441,  pis.  72  and  95. 

Only  two  small  valves  of  this  species  were  found.  They  measured 
about  7i  mm.  in  height  by  8  mm.  in  length. 

Class  GASTEROPODA. 

The  Gasteropoda  were  not  found  to  be  of  much  value  in  this  f aunal 
study.  They  are  never  common,  but  are  found  occasionally  in  almost 
all  of  the  zones. 

Subclass  STREPTONEURA  Spengel. 

Order  ASPIDOBRANCHIA  Schweigger. 

9iit>orcier  RHIF^IDOGLOSSA  Troschel. 
Family  PLEUROTOMARIID^  d'Orbigny. 

O-enuB  I>ILiKTJROTOM:-A.RIA.  de  Kranoe. 
179.  Pleurotomaria  ityi  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  2.  1879,  p.  76,  pi.  20. 

As  with  the  other  -species  of  the  genus,  P.  itys  is  not  common  in 
nor  charactistic  of  any  zone.  It  occurs  throughout  the  section.  At 
Eighteenmile  Creek  it  is  found  only  at  the  base  of  the  Hamilton. 

180.  Pleurotomaria  capillaria  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  77,  pi.  20. 

It  is  often  difficult  to  distinguish  the  extremes  of  this  species  from 
the  above  unless  the  specimens  are  well  preserved.  Quite  generally 
distributed  throughout  the  section.  Confined  to  the  base  of  the 
Hamilton  at  Eighteenmile  Creek. 

181.  Plenrotomaria  trUiz  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  79,  pi.  21. 

Fouud  rarely  in  the  Upper  Hamilton  at  Cayuga  I^ake. 

188.  Pleurotomaria  luloomarginata  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  69,  pi.  19. 

Two  specimens  of  this  species  were  obtained  from  the  upper  part 
of  the  Upper  Hamilton,  Zones  W  and  T. 

188.  Pleurotomaria  rotalia  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  71,  pi.  19. 
Two  specimens  from  Zone  T  were  of  this  species. 
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184.  Plenrotomaria  rug ulata  Hail. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  75,  pi.  30. 

This  species  is  met  with  occasionally  in  Zone  C,  in  the  Marcellus 
shales,  and  in  Zone  D.  The  specimens  are  all  very  much  crushed  or 
in  the  form  of  molds,  and  the  surface  markings  are  Indistinct. 

Family  BELLEROPHONTID^  McCoy. 

G^enns  BKLI^EROPHON"  de  Montfbrt. 

185.  BeUerophon  patnlui  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  100,  pis.  22  and  24. 

This  species  is  not  uncommon  in  Zones  X  and  N;  elsewhere  it  is 
rare.  It  was  not  found  below  Zone  C.  The  specimens  obtained  were 
of  the  usual  size,  but  badly  crushed. 

186.  Bellerophon  leda  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  110,  pi.  23. 

This  is  the  most  common  Bellerophon  in  the  section.  It  is  almost 
common  in  some  of  the  thin  layers  of  Zone  C.  It  is  common  in  the 
lower  portion  of  the  Lower  Hamilton  at  Eighteenmile  Creek. 

187.  BeUerophon  lyra. 
Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  113,  pi.  28. 
Only  a  few  specimens  of  this  species  were  found  in  the  section. 

188.  Bellerophon  creniBtria  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  116,  pi.  25. 

A  few  specimens  of  this  species  were  obtainetl  in  six  zones  of  the 
Upper  and  Lower  Hamilton. 

GJ-«*TiLUH  GYRT'OLIT'KS  Conrad. 

189.  Cyrtolitei  mitella  Hall. 

Pal.  N.  Y.,  vol.  5.  pt.  2,  1879,  p.  123,  pi.  25. 

Only  a  few  specimens  of  this  species  were  obtained.  None  were 
found  lower  than  Zone  D. 

Family  EUOMPHALID^  de  Koninck. 

Oenus  EXJOM:raAJL.XTS  SoAV-erby. 

190.  Enomphalni  ip. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  54. 

A  single  crushed  specimen  from  Zone  O  was  referred  to  this  genus. 
The  specific  characters  could  not  be  made  out. 
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Order  CTENOBRANCHIATA  Schweigger. 

Staborder  F^LAXYF^ODA. 

Superfamily  T-ffiNIOGLOSSA  Bouvier. 

Family  CAPULIDiE  Cuvier. 

Grexins  I>LA.TYCKRAS  Conraa. 

191.  Platyoeraa  oonieimi  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  3,  pi.  1. 
A  single  large  specimen  was  found  in  the  Encrinal  beds. 

192.  Platyoeraa  ereotum  Hall 

Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  5,  pi.  2. 
This  gastropod  was  found  most  commonly  in  the  upper  portion  of 
the  Encrinal  and  in  the  limestone  of  Zone  Y.     Elsewhere  it  is  rare. 

198.  Platyceraa  buoealentum  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  10,  pi.  8. 
Typical  specimens  of  this  species  were  found  in  Zones  Y  and  S. 

194.  Platyceraa  carinatum  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  5,  pi.  2. 
Specimens   having  the  characteristic  shape  of   this  species  were 
found  in  Zones  W  and  Y. 

GJ-enuB  FLATYOSTOM:^  Conrad. 
195.  Platyoitoma  lineata  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  21,  pi.  10. 
This  species  was  found  in  a  number  of  zones,  but  was  not  common 
in  any.     It  possesses,  in  all  cases,  the  characteristic  surface  markings. 

196.  PlatyoBtoma  variaxui  Hall. 

(Stropho8tylu8)  Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  81,  pi.  11. 
A  large  specimen  from  Zone  J  and  eight  smaller  ones  from  Zone  C 
were  referred  to  this  species  with  some  doubt.     The  larger  specimen 
is  typical;  the  smaller  ones  are  small,  and  may  be  of  a  new  species. 

Superfamily  GYMNOGLOSSA. 
Family  PYRAMIDELLID^  Gray. 

Grenias  3LiOXON"ICM;-A.  I>liillip». 
197.  Loxonema  hamiltoniaB  Hall. 

Pal.  N.  Y..  vol.  5,  pt.  2,  1879,  p.  45,  pi.  13. 
This  species  occurs  throughout  the  entire  section.     It  is  often  diffi- 
cult to  distinguish  it  from  i.  ddphicola  when  the  specimens  are 
imperfect.     At   Eighteenmile  Creek  this  species  and  i.  ddphicola 
are  restricted  to  the  Upper  Mareellua  shales. 
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198.  Loxonema  delphioola  Hall. 

Pal.  N.  Y.,  vol.  5.  pt.  2, 1879,  p.  47,  pis.  18  and  14. 
This  species  is  frequently  met  with  in  the  section  above  Zone  D. 
It  is  commoner   than  L,  lunnUtonia^ ,     Yevy  often  the  shell  is  sur- 
rounded by  a  '*  smooth,  polished  shale  (slickensides),"  as  is  figured 
by  Hall  in  figs.  24  and  25  of  the  above  report. 

Superfamily  PTENOGLOSSA  Gray. 

Family  SCALARIID  Jil  Broderip. 

a-enuH   CALLONKM:^  Kail. 
199.  Callonema  imiUtor  Hall  and  Whitfield. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  53,  pi.  14. 
One  specimen,  50  mm.  in  diameter,  with  the  surface  marked  by 
strong  elevated  striae  gently  curving  backward  and  increasing  in 
strength  from  the  apex  to  the  last  volution,  was  found  in  Zone  N. 
llie  coil  is  rather  loose. 

Order  OPISTHOBRANCHIA  Milne-Edwards. 

So  border  F^XEROF^ODA  Cvivier. 

Family  OAVOLITND.E  Fischer. 

Subgenus  STYLIOLA  Lesueur. 

200.  Styliola  fiiinrella  Hall. 

Pal.  N,  Y.,  vol.  5,  pt.  2,  1879,  p.  t7H,  pi.  IMA. 
It  will  l>e  noticed  in  the  t^ble  of  species  that  S,  fissiireUa  is  very 
rare,  almost  wanting,  in  the  Upper  Hamilton;  that  l>etween  Zone  D 
and  the  Encrinal,  with  the  exception  of  the  line  shales  of  Zone  E,  it  is 
also  very  rare,  and  that  in  the  fine  shales  of  Zone  C  and  in  the  Mar- 
cellus  shales  it  is  very  common.  In  the  lower  portion  of  the  Marcellus 
shales  the  Styliola  is  beautifully  preserved  in  pyrite.  It  is  very 
abundant  in  certain  layers  in  the  Marcellus  shales.  At  Eighteenmile 
Creek  it  is  wevy  common  in  a  number  of  zones  of  the  Lower  and  is 
fairly  common  in  the  uppermost  zone  of  the  Upper  Hamilton. 

Siat>orcler  CONIJLARIDA  Nliller  and  Gurley. 
Family  TENTACULITID^E  Walcott. 

G-enus  TKNT^CTTI^ITKH  SoUlotHeiin. 
801.  Tentaeulitei  bellnlni  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  169,  pis.  31  and  31  A. 
A  specimen  of  this  species  was  obtained  from  Zone  X.     In  Zone  A 
there  are  great  numl)ers  of  TenUiculites,  but  in  such  a  poor  state  of 
preservation  that  it  is  impossible  to  make  a  si)ecific  identification. 
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Family  TORELLELLID^  Holm. 

G-enuH  COLEOLTIS  Hall. 

202.  ColeolnB  tenuicinetnin  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  185,  pis.  82  and  32A. 

A  number  of  very  good  specimens  of  this  species  w^re  found  in 
various  parts  of  the  section. 

Family  HYOLITHID^  Nicholson. 

G-erLUM    HYOLIXHES    KioHwaUl. 

208.  HyoUthes  aolis  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  197,  pis.  82  and  32A. 

Although  this  is  a  rare  species  at  Cayuga  Lake,  in  the  aggregate 
the  number  found  is  quite  large.  The  variations  consist  in  the  rela- 
tive difference  in  length,  width,  and  thickness.  The  measurements 
are  30,  30,  25  mm.  in  length  and  9,  11,  and  12  mm.  in  width.  Two 
well-preserved  operculse  were  found. 

204.  HyoUthei  Btriatui  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  199,  pi.  32. 

A  specimen  with  well-marked  longitudinal  lines  was  found  in  Zone  T. 

GS-enus    CONXJLARIA   Mliller. 

205.  Conalaria  andalata  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  208,  pis.  88  and  84A. 

A  fragment  of  a  large  specimen  of  this  species  with  very  strong 
surface  markings  was  found  in  Zone  D.  A  fragment  of  a  smaller 
individual  was  taken  from  Zone  I. 

Class  CEPHALOPODA. 
Subclass  TETRABRANCHIATA  Owen. 
Order  NAUTILOIDEA. 

Siit>orcler  ORTHOCHOANIXES  Hyatt. 

Family  ORTHOCERATID^:. 

GhenuH    ORXXIOCKRAS   Breyniua 

206.  Orthooerat  orotalum  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  296,  pis.  42,  82,  and  93. 

'^This  fossil  is  found  occasionally  throughout  the  section  above  Zone 
D.  The  test  is  often  denuded,  making  the  identification  in  some 
cases  uncertain. 
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207.  Orthooerai  ottlamen  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  298,  pis.  42,  43,  82. 118. 

A  few  specimens  with  the  characteristic  surface  marking  were 
obtained  from  the  Upper  Hamilton  shales. 

808.  Orthooerai  nnntiiuii  EEall. 
Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  299,  pis.  43  and  82. 

This  is  a  rare  fossil  in  this  section.  Two  specimens  were  found  in 
the  Upper  Hamilton. 

809.  Orthoeerai  ■nbnlatnm  HaU. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  283,  pis.  38,  84,  86. 

This  si)ecies  of  Orthoceras  is  not  uncommon  along  Cayuga  Lake. 
A  large  number  of  distorted  specimens  of  this  genus  were  referred 
here  with  some  doubt.     One  specimen  showed  the  surface  markings. 

810.  Orthooerai  oonftriotnm  Vannxem. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  288.  pis.  84,  85. 

This  is  H  rather  rare  species  in  this  section,  and  is  not  reported  west 

of  Cayuga  Lake. 

211.  OrthooerM  exile  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  290,  pis.  39,  84,  a-). 

A  few  specimens  were  doubtfully  placed  in  this  species. 

818.  Orthooerai  marcellenie  Vannxem. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  278,  pis.  38,  83,  and  113. 

A  specimen  from  the  Marcellus  seems  to  be  of  this  species.- 

818.  Orthooerai,  sp.  nndet. 

This  genus,  as  a  whole,  is  common  between  Zones  B  and  F,  inclu- 
sive, and  in  Zone  T.     Elsewhere  in  the  section  this  genus  was  rare. 

Family  NAUTILID^. 

Grenus  NAXTTILUS  Breyn. 

814.  NsntUus  Uratus  jnvenii  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  411,  pi.  56. 

James  Hall  describes  this  variety  of  lY.  lirafus  from  an  imperfect 
specimen  and  states  that  the  determination  is  quite  unsatisfactory. 
Two  fairly  well-preserved  specimens  from  the  hard  shales  of  the  upper 
Marcellus  are  certainly  distinct  from  N.  liratus  and  answer  to  the 
description  of  iV.  liratus  juvenis.  The  difference  between  these  speci- 
mens and  N.  liraiiiSj  however,  seems  to  be  specific  rather  than  varietal 

815.  NsntUni,  fragments. 

A  number  of  fragments  of  Nautilus  found  in  various  part^  of  the 
section  were  too  imperfect  for  specific  identific^i^tion. 
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Suiborder  CYRTOCHOANITES   Hyatt. 
Family  PHRAGMOCERATIDiE. 

G-enuH  OOMP^HOCICRAS  Sowerby. 

816.  Oomphooerai,  sp. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  318. 

A  single  crushed  specimen  of  this  genus  was  found  in  Zone  C.  The 
markings  were  obliterated  to  such  an  extent  that  it  was  impossible  to 
make  a  specific  identification. 

Order  AMMONOIDEA. 

Suiborder  EURYCAIVlPYLI   Hyatt. 

Family  GLYPHIOCERATID^. 

GJ^nviB  G^ONIwA^TIXICS  de  Haan. 

817.  Ooniatitei  diMoideni  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  441,  pis.  71,  74. 

Casts  of  the  test  showing  the  fine,  closely  arranged  striae,  "^  raised  at 
intervals  in  fascicles,"  were  commoner  than  those  showing  the  septal 
This  species  was  fairly  common  in  Zone  T.  In  Zone  I  a  number  of 
imperfect  specimens  which  were  either  of  this  species  or  of  O.  uni- 
angvlaris  were  quite  frequently  found.  Elsewhere  in  the  section 
they  are  very  rare. 

818.  Ooniatitef  nniangularii  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  444,  pis.  71, 74. 

This  species  was  very  rare,  but  several  well-preserved  specimens 
were  found.  One  almost  perfect  small  specimen  from  the  lower 
shales  of  Zone  C  measured  15  mm.  in  diameter  in  the  widest  part.  A 
large  8i)ecimen  measured  45  mm.  in  diameter. 

Siabkiiigdoiii  A^RTHROPOD^. 

Class  CRUSTACEA. 

Subclass  TRILOBITA. 

Order  OPISTHOPARIA  Beecher. 

Family  PROETID^  Barrande. 

Crenus  PROKTXJS  Steininger. 

819.  Prdetnf  rowi  Green. 

Pal.  N.  Y.,  vol.  7,  1888,  p.  119,  pis.  21  and  23. 

A  portion  of  the  cephalon  with'a  crushed  glabella  and  a  perfect 
genal  spine  w«w  refeiTed,  with  some  doubt,  to  this  species, 
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820.  PrOetus  mierogemma  Hall. 
Pal.  N.  Y.,  vol.  7,  1888,  p.  109,  pi.  22. 

An  imperfect  pygidium  was  referred  with  considerable  certainty  to 

this  species. 

881.  Prdetus  maorooephalut  Hall. 

Pal.  N.  Y.,  vol.  7,  1888,  p.  116,  pis.  31  and  23. 

A  pygidium  and  thorax  were  found  in  Zone  Y  and  a  glabella  in  the 
Encrinal  bed.     The  surface  markings  are  quite  plain. 

G^enuH  HOMAI^ONO^rXJS  K^^enig. 
888:  Homalonotus  dekftyi  Green. 
Pal.  N.  Y.,  vol.  7,  1888,  p.  7,  pis.  2,3,4,5. 
This  is  quite  a  common  fossil  in  the  upper  i)ortion  of  the  Encrinal 
band.     A  fragment  of  a  pygidium  was  found  in  Zone  Y  and  a  portion 
of  a  cephalon  in  Zone  D.     At  Eighteenmile  Creek  it  is  reported  from 
the  lower  portion  of  the  Lower  Hamilton.    In  Eashong  Creek  it  occurs 
rarely  in  the  Upper  Hamilton. 

Order  PROPARIA  Beecher. 
Family  PHACOPIDyE  Salter. 

Grenu«  r>HA.C01?S  Kixunrioh. 
888.  Phacopi  rans  Green. 
Pal.  N.  Y.,  vol.  7,  1888,  p.  19,  pis.  7,  8,  8A. 

This  is  a  common  and  sometimes  an  abundant  species  in  this  sec- 
tion. Above  the  Encrinal  it  occurs  in  almost  every  zone.  Occasion- 
ally a  complete  specimen  was  found.  It  is  usually  associated  with 
D.  boothi  and  A,  umbonaia. 

884.  Phaoopi  crittata  var.  pips  Hall. 
Pal.  N.  Y.,  vol.  7,  1888,  p.  18,  pi.  8. 
A  specimen  of  this  variety  was  found  in  Zone  A. 

GrenuH  D^LNl A. NITERS  Einmrioh. 
885.  Dalmanitei  boothi  Green. 
Pal.  N.  Y.,  vol.  7,  1888,  p.  42,  pis.  16,  16A. 
This  species  was  found  in  the  lowest  portion  of  Zone  C.     It  is  com- 
mon throughout  the  section  from  Zone  D  to  the  Tully,  especially  above 
the  Encrinal. 

At  Eighteenmile  Creek  it  is  commonest  below  the  Encrinal,  while 
at  Cayuga  Lake  the  opposite  is  true. 

886.  Dalmanitei  boothi  var.  caUitelei  Green. 
Pal.  N.  Y.,  vol.  7,  1888,  p.  45,  pis.  16,  16A. 
A  few  specimens  of  this  variety  were  fouuci  in  Xh%  upper  portion  of 
the  Upper  Hamilton. 
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Subclass  EUCRUSTACEA  Kingsley. 

Superorder  MALACOSTRACA  Latreille. 

Order  PHYLLOCARIDA  Packard. 

9tit3orcier  Ceratiocarlna  Clarke. 
Family  ECHINOCARID^  Clarke. 

OenuH  KCHINOCARIS  ^Whitfield. 

887.  Sehinooarif  punetata  Hall. 

Pal.  N.  Y.,  vol.  7,  1888,  p.  166,  pis.  27,  28,  29. 

Five  specimens  of  this  species  were  found  in  the  Cayuga  Lake  sec- 
tion, one  in  the  Upper  and  four  in  the  Lower  Hamilton  above  Zone  D. 

GheYiuH  'rROPir>OCA.RIS  «eeoher. 
888.  Tropidocsrii  hamiltonis  Hall. 
Pal.  N.  Y.,  vol.  7,  1888,  pi.  30. 
A  riglit  valve  of  this  species  was  found  in  Zone  O.     It  measured 
10  mm.  in  length. 

Suborder  RHINOCARINA  ClarUe. 

Family  RIIINOCARDID^  Clarke. 

Q^nxxfi  RHINOCARIS  Clarice. 

889.  Bliinocarit  sp. 

Pal.  N.  Y.,  vol.  7,  1888,  p.  Ivlii,  pi.  81. 

Two  specimens  of  this  genus,  one  with  both  valves,  the  other  with 
one  valve  of  the  carapace  were  found  in  the  shale  of  Zone  C  along 
Dean  Creek.  The  preservation  was  too  imperfect  to  permit  of  specific 
identification. 

O-enus  IVIESOTHYK.^  Hall  nria  Clurke. 

880.  Metothyra  ooeani  Hall. 

Pal.  N.  Y.,  vol.  7,  1888,  p.  187,  pis.  33  and  34. 

Two  specimens  of  this  genus  were  referreil  doubtfully  to  this  spe- 
cies. Neither  specimen  is  i)erfect  enough  to  warrant  a  specific 
identification.  The  length  of  the  carapace  is  20  mm.  and  45  mm., 
respectively. 

231.  Superorder  OSTRACODA  Latreille. 

The  various  species  and  genera  of  this  superorder  seem  to  liave 
been  adapted  to  the  same  conditions  of  environment  during  the  Ham- 
ilton stage.     They  are  common  in  the  fine  shale  of  Zones  B,  C,  and  E. 

Bull.  206—03 6 
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OenuH  LKPHDODENDRON"  Stem1:>er8. 
SS8.  Lopidodendron  gMpiamun  Dawson. 
Qnar.  Jour.  Geol.  Soc.,  1859,  vol.  15,  p.  484. 
A  specimen  of  this  plant  with  distinct  imprints  of  the  leaves  was 
found  in  Zone  C. 
Thanks  is  due  Professor  Penhallow  for  the  identification. 

SS8.  Plant  ftmgmeiitt. 

Plants,  usually  in  a  poor  state  of  preservation,  were  scattered 
throughout  the  section.  Within  a  foot  or  two  of  the  Tully  limestone 
plant  fragments  were  especially  well  preserved  and  abundant. 

OenuH  TA01>nTRTJS. 
8S4.  Taonnnu  sp.?  Fischer-Ooeter. 

This  fucoid  was  very  abundant  in  the  upper  x)ortions  of  the  Upper 
and  Lower  Hamilton. 
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CHAPTER  V. 

COMPARISON  OF  THE  CAYUGA  LAKE  SECTION  WITH  OTHER 
SECTIONS  OF  THE  HAMILTON  FORMATION. 

BASAL  LIMESTONE. 

The  Basal  limestones  of  Ontario  County  are  described  by  J.  M. 
Clarke,  as  follows  :<* 

Within  10  feet  of  the  top  of  the  Marcellns  shales,  where  the  rocks  still  retain 
their  characteristic  color  and  diagnostic  fossils,  appear  Spirifer  mucronatvs  and 
Amboccelia  umbonata  of  the  Hamilton  fauna,  snch  Hamilton  species  increasing 
in  nxunber  and  the  rocks  becoming  less  and  less  bittiminons  until  at  the  top  of  10 
feet  the  bitmninons  character  has  disappeared  and  with  it  the  Marcellns  fanna. 
Overlying  is  a  series  of  strata  of  limestone  more  or  less  impnre  and  persisting 
thronghont  the  connty  east  and  west. 

Farther  east  the  same  strata  become  more  shaly  and  lose  many  of 
the  fossils  of  the  richer  western  outcrop.  Dr.  D.  F.  Lincoln  *  accepted 
the  term  ''Basal  Hamilton,"  proposed  by  J.  M.  Clarke,  and  the 
description  of  Hall  in  the  report  of  the  Fourth  District^ — "a  compact 
calcareous  blue  shale  passing  into  an  impure  limestone."  He  says 
that  it  retains  this  character  (of  f^  coral  reef)  to  some  extent  in  Seneca 
County,  displaying  scattered  fragments  of  HdiophyUum,  FavositeSy 
and  other  large  corals  which  do  not  belong  elsewhere  in  the  region. 

From  the  description  given  above  and  from  its  position  in  the  section 
(see  map  PI.  I)  it  seems  certain  that  the  compact  calcareous  shales 
of  Zone  D  should  be  correlated  with  the  Basal  Hamilton  of  Ontario 
and  Seneca  counties.^  There  is,  however,  considerable  difference  in 
the  faunules.  Although  the  corals  are  very  much  rarer  in  Zone  D  at 
Cayuga  Lake  compared  with  that  stratum  in  the  west,  yet  Heliophylr 
lum  is  common  only  in  this  stratum  in  the  Cayuga  Lake  section.  This 
zone  is  characterized  in  Ontario  County  by  a  great  abundance  of 
Crustacea.  The  development  of  Crustacea  in  Zone  D  is  by  no  means 
remarkable,  only  three  species  of  trilobites  being  found,  none  of 
which  were  abundant. 

aBeport  State  Geo!.,  New  York,  1886. 
frRjid.,  1894. 
«1843. 

tf  Since  the  above  was  written  the  author  revisited  the  localities  on  Seneca  Lake.  There  is  no 
donbt  as  to  the  oorrectnees  of  the  correlation. 
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A  comparison  of  the  Basal  Hamilton  of  Ontario  County,  Seneca 
County,  and  Zone  D  of  Cayuga  Lake  shows  a  decrease  in  the  amount 
of  calcareous  matter  and  in  corals  from  west  to  east.  It  is  probable 
that  the  region  along  Cayuga  Lake  was  the  edge  of  the  reef,  if  such 
it  can  be  called,  and  that  the  conditions  were  such  that  most  of  the 
species  of  corals  and  Crustacea  which  flourished  so  well  in  the  west 
were  represented  in  the  Cayuga  Lake  region  by  an  abundant  brachi- 
pod  and  pelecyopod  fauna,  with  here  and  there  a  large  HeliophyUum 
haUi  and  a  colony  of  Syringopora. 

This  impure  limestone  layer,  the  Basal  Hamilton,  is,  next  to  the 
Encrinal  beds,  the  most  persistent  stratum  in  the  New  York  Hamilton, 
extending  as  it  does  for  more  than  40  miles  from  east  to  west. 

I.  P.  Bishop,  in  the  Geology  of  Erie  County,  mentions  <*  a  calcareous 
stratum  in  that  county  which  he  correlated  provisionally  with  the 
Basal  limestone  of  Clarke.  The  evidence  for  this  correlation  is  so 
unsatisfactory  that  it  must  be  disregarded. 

ENCRINAL  BEDS. 

In  comparing  the  faunules  of  the  Encrinal  beils  with  that  of 
Eighteenmile  Creek,  it  was  found  that  of  8  lamellibrancha  of  the 
Eighteen  mile  Creek  Encrinal  4  are  found  in  the  Encrinal  of  the 
Cayuga  Lake  section,  2  are  extremely  x'are,  and  2  have  been  found 
nowhere  in  this  section.  Of  the  35  brachiopods,  13  were  not  found  in 
the  Encrinal  of  Cayuga  Lake.  But  of  that  number  4  have  not  been 
found  elsewhere  in  the  section  and  4  are  extremely  rare.  VitiUina 
ptishilosa^  CentroneUa  impressa^  MerLsfsUa  haskinsiy  and  HdiopJiyUum 
confluefis  are  restricted  to  the  Encrinal  at  Eighteenmile  Creek.  With 
the  exception  of  T".  pusttilosa  and  M.  hasJcinsi,  which  was  found  in 
the  Encrinal  and  Zone  D,  these  species  are  restricted  to  the  Encrinal 
at  Cayuga  Lake.  Grabau  *  finds  the  Encrinal  at  Eighteenmile  Creek 
to  be  the  equivalent  of  that  at  Livonia.  The  comparison  of  the  fos- 
sils from  that  stratum  in  the  two  places  brings  out  the  fact  that  only 
one  species  given  in  the  Livonia  list  is  wanting  in  the  limestone  at 
Eighteenmile  Creek.  James  Ilall  *^  considered  the  Encrinal  as  a  "  per- 
sistent mass  holding  only  one  position  in  the  group  and  continuous 
as  far  as  Lake  Erie.  It  is  a  convenient  point  of  reference.'*  It  is  1^ 
feet  thick  at  Lake  Erie,  2  feet  at  Livonia,  3  feet  in  Yates  County,  and 
1^  feet  in  Cayuga  County. 

Prof.  C.  S.  Prosser,^  in  discussing  Professor  White's  correlation  of 
a  zone  in  eastern  Pennsylvania  which  is  as  rich  in  corals  and  crinoids 
as  the  TuUy,  shows  by  the  fossil  content  that  the  Genesee  shales  of 
White  are  Hamilton  shales.     The  so-called  TuUy  does  not  contain  any 

a  Report  State  Geol.  Now  York,  1885. 
b  Report  State  Geol.  New  York,  1898. 
<•  Report  Fourth  District  New  York,  1848. 
rfBull.  U.  S.  Geol.  Survey  No.  120, 18W,  p.  74. 
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characteristic  TuUy  fossils,  but  contains  only  Hamilton  species.     He 
says: 

If  a  correlation  of  this  zone  with  one  of  central  and  western  New  York  were 
attempted,  I  would  suggest  the  Encrinal  limestone  sex)arating  the  fossiliferons 
argillaceous  Ludlowville  and  Moscow  shales.  As  the  Pennsylvania  horizon  may 
be  represented  by  any  one  of  the  several  coral  horizons  in  the  Hamilton  of  New 
York  or  by  an  entirely  different  one,  such  a  correlation  of  this  zone  is  very  haz- 
ardous without  careful  comparison  of  the  species  and  stratigraphy. 

On  the  east  shore  of  Skaneateles  Lake,  2^  miles  from  the  head  of  the 
lake,  is  a  bed  of  cyathophylloid  and  other  genera  of  corals  5  feet  thick, 
which  are  described  by  Luther.^  Luther  concludes,  from  its  position 
and  from  the  fact  that  it  *' abounds  in  cyathophylloid  corals  which 
characterize  the  Encrinal  of  the  western  counties,"  that  it  is  probably 
the  eastern  extension  of  the  Encrinal  band.  Since  in  Ontario,  Seneca, 
and  Cayuga  counties  the  most  abundant  coral  faunas  are  in  the 
Basal  Hamilton,  either  this  coral  reef  at  Skaneateles  Lake  is  (1)  a 
continuation  of  the  stratum  called  the  "Basal  Hamiton,"  which  is 
several  hundred  feet  above  the  Marcellus  shales  in  the  Cayuga  Lake 
section,  or  (2)  the  Encrinal,  or  (3)  the  union  of  (1)  and  (2),  or  (4)  a 
separate  stratum.  With  the  data  now  at  hand  Luther's  supposition 
is  as  probable  as  any  other. 

Since  the  Encrinal  is  found  in  a  number  of  localities  between  Lake 
Cayuga  and  Lake  Erie,  of  the  same  lithological  character,  in  rela- 
tively the  same  position  in  the  shale,  with  a  fauna  which  changes 
little  in  a  distance  of  125  miles,  it  should  be  considered  as  a  continu- 
ous stratum.  East  of  Cayuga  Lake  the  correlation  of  the  coral  zones 
is  yet  to  be  worked  out.  However,  conditions  of  sedimentation  such 
as  would  produce  a  limestone  stratum  anywhere  in  the  Middle  Ham- 
ilton would  be  adapted  to  and  contain  what  might  be  called  a  lime- 
stone fauna  which  would  not  differ  materially  from  the  fauna  of  the 
Encrinal;  and  whether  this  stratum  were  continuous  or  not,  the  same 
association  of  fossil  would  probably  exist. 

GASTEROPODA. 

Gasteropoda  predominate  both  in  specific  and  in  individual  devel- 
opment in  the  lower  shales  of  Ontario  County.  This  is  also  the  con- 
dition at  Eighteenmile  Creek,  where  only  one  gasteropod,  Platyo- 
stoma  lineatuy  is  found  above  the  Encrinal,  and  that  but  rarely  in  one 
layer.  In  the  Cayuga  Lake  section  Gasteropoda  are  not  common  in 
any  portion  of  the  section,  but  are  alx)ut  as  frequently  met  with  above 
as  below  the  Encrinal.  They  occur,  however,  rather  more  frequently, 
in  proportion  to  the  Pelecypoda  and  Brachiopoda,  in  the  fine  shales 
of  Zone  C. 


rt  Report  State  Geol.  New  York,  1885. 
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USE  OF  TERMS  ** UPPER"  AND  ** LOWER"  HAMILTON  FAUNA. 

The  data  at  hand — the  faunules  of  the  Cayuga  Lake,  Eighteen- 
mile  Creek,  and  Livonia  sections — are  sufficient  to  warrant  some  defi- 
nite statement  a«  to  the  propriety  of  the  terms  "an  Upper  Hamilton 
fauna"  or  ''a  Lower  Hamilton  fauna,"  used  by  some  writers  as  sig- 
nifying an  ability  to  distinguish  between  them. 

A  comparison  of  the  Cayuga  Lake  section  with  that  of  Eighteenmile 
Creek  shows  that  the  relative  abundance  of  species  and  individuals  in 
the  Upper  and  Lower  Hamilton  of  the  two  sections  is  reversed.  At 
Cayuga  Lake  the  number  of  species  and  individuals  is  greater  above 
than  below  the  Encrinal  beds,  while  the  opposite  is  decidedly  true  of 
the  Eighteenmile  Creek  section. 

Spirifer  granulosus  is  a  rather  common  fossil  above  and  below  the 
Encrinal  at  Cayuga  Lake,  but  is  restricted  to  the  Lower  Hamilton 
and  the  Encrinal  at  Eighteenmile  Creek  and  to  the  Upper  Hamilton 
at  Livonia.  Reiicularia  fimbriata,  Tropidoleptus  carinatus,  and  the 
lingulas  are  distributed  in  the  three  sections  in  the  same  manner  as 
Sjnrifer  granvlosus. 

Stroplieodonta  concava  and  S.  junta  are  in  the  Lower  Hamilton  at 
Eighteenmile  Creek,  but  are  restricted  to  the  Upper  Hamilton  at 
Cayuga  Lake  and  Livonia. 

Only  two  species  of  Brachiopoda  have  been  found,  which  are  re- 
stricted to  the  Upper  Hamilton  of  the  three  sections,  exclusive  of  the 
Encrinal — AmbocceUa  prceumbonu  and  Spirifer  marcyi.  But  it 
would  not  be  remarkable  if  even  these  were  found  lower.  Since  these 
species  have  not  been  reported  east  of  Cayuga  Lake,  they  must  of 
necessity  have  little  use  in  stratigraphy.  AmbocoeJia  prceumbona 
has  not  been  reported  outside  of  New  York  St^te,  and  it  may  have 
originated  in  western  New  York  after  the  Encrinal  band  was  deposited. 

Leiorhynchus  limitare^  Spirifer  macrus^  Anoploiheca  camiUa^  and 
Strophalosia  truru^ata  are  species  which  have  not  been  reported  above 
the  Encrinal  beds.  The  first  is  a  typical  Marcellus  fossil  (rei)orted 
by  Clarke **  in  a  "recurrent  fauna"  above  the  "Basal  limestone"  in 
Ontario  County);  the  second  and  third  are  typical  Onondaga  (Cor- 
niferous)  species  which  have  never  been  found  above  the  Marcellus; 
only  the  fourth,  Strophalosia  tru7icai<t,  is  a  species  often  found  in  the 
Hamilton.  A  comparison  of  the  corals,  pelecypods,«and  gasteropods 
brings  the  same  results. 

From  the  above  it  will  be  seen  that  the  burden  of  evidence  at  pres- 
ent is  against  the  supposition  that  it  is  possible,  without  the  aid  of 
stratigraphy,  to  distinguish  between  the  Upper  and  Lower  Hamilton 
fauna.  However,  the  presence  of  Spirifer  marcyi  and  Amboccelia 
prceumbona  and  the  absence  of  Stroplwlosia  truncata  in  a  fauna 
would  be  presumptive  evidence  of  the  Upper  Hamilton. 

a  Bept.  State  Geol.  New  York.  1886. 
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EXPLANATION  OF  DIAGRAM,  FIG.  3. 

The  data  from  which  this  diagram  was  constructed  were  obtained 
from  the  New  York  Geological  Reports,  commencing  with  vol.  4, 1867, 
PaiaBontology  of  New  York,  together  with  the  Peabody  Museum 
collections  from  Onondaga,  Cayuga,  Seneca,  Genesee,  and  Erie 
counties  used  in  the  preparation  of  this  paper.  The  distances  are 
only  approximate,  some  noted  collecting  locality  being  usually  taken 
as  a  center. 
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Fig.  8.— Dlafirrain  showing  the  dJstribntdon  of  fossils  of  the  Hamflton  stage  thronghont  New 

York  State. 

The  curves  from  Onondaga  County  west  are  probably  more  nearly 
correct  than  those  east,  because  of  the  exceptionally  careful  collec- 
tions from  Pompey,  Cayuga  Lake,  Livonia,  and  Eighteenmile  Creek. 
The  faunal  lists  of  Prof.  C.  S.  Prosser  ^  make  the  collections  from  the 
extreme  eastern  portion  of  the  State  fairly  full. 

As  is  readily  seen,  the  center  of  abundance  of  Pelecypoda  is  in 
Onondaga  County.  From  that  point  the  decrease  to  the  west  is  rapid. 
The  decrease  in  the  number  of  species  of  Pelecyi)oda  in  the  aren- 
aceous shales  east  of  Onondaga  County  would  probably  be  less 
than  represented  were  fuller  collections  to  be  had.  That  the  condi- 
tions in  eastern  New  York  were  much  less  favorable  to  the  develop- 
ment of  brachiopods  than  of  pelecypods  is  shown  by  the  fact  that  the 
relative  abundance  of  brachiopods  to  pelecypods  in  Schoharie  County 
is  13: 60,  while  at  Lake  Erie  the  ratio  is  70: 40. 

The  increasing  abundance  of  species  of  brachiopods  from  east  to 
west  is  very  striking  and  uniform.  The  line  showing  the  abundance 
of  Gasteropoda  varies  less  from  east  to  west  than  the  other  classes. 
The  data  concerning  the  corals  show  a  uniform  increase  between 
Cayuga  and  Erie  counties. 


o  Fifteenth  Ann.  Rept.  State  Geol.  New  York,  1895. 


Digitized  by 


Google 


88  FAUNA   OF   HAMILTON   FORMATION.  [bfi^uMB. 

Two  facts  should  be  borne  in  mind  in  the  consideration  of  the  rela- 
tive abundance  of  fossils  when  studied  geographically,  (1)  the  excel- 
lent opportunities  for  collecting  in  certain  localities,  as  central  and 
western  New  York,  and  the  greater  difficulty  in  others,  as  the  eastern 
counties  of  New  York,  and  (2)  the  fact  that  often  in  a  formation  the 
same  time  elapsed  during  the  deposition  of  a  few  feet  of  sediment  in 
one  place  that  it  took  for  the  deposition  of  many  times  that  thickness 
in  another  locality  in  the  formation.  The  time  required  for  the 
deposition  of  the  67  feet  of  sediment  at  Eighteenmile  Creek,  the  517 
feet  at  Livonia,  the  1,100  feet  at  Cayuga  Lake,  and  the  great  thick- 
ness of  the  eastern  shales  was  the  same.  At  any  one  time  there  may 
not  have  been  a  greater  number  of  living  shells  in  Erie  County  than 
in  the  central  or  eastern  part  of  the  State;  the  conditions  were,  how- 
ever, more  favorable  for  the  development  of  brachiopods  and  corals 
than  for  pelecypods. 

The  change  from  east  to  west,  not  only  in  the  relative  number  of 
species  but  in  the  species  themselves,  is  spoken  of  by  Hall**  as  fol- 
lows: "So  great  is  this  change  that  if  a  collection  of  fossils  from  the 
Hamilton  formation  in  the  counties  of  Albany  and  Schoharie  be  com- 
pared with  a  collection  from  the  same  group  in  Genesee  and  Erie 
counties  the  number  of  species  common  to  both  would  be  less  than 
has  been  sometimes  indicated  as  passing  from  one  geological  formation 
to  another.'' 

a  Preface  to  Pal.  New  York,  vol.  4, 1867. 
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CHAPTER  VI. 
CONCLUSIONS. 

In  this  investigation  the  following  conclusions  have  been  reached: 

(1)  There  are  a  number  of  fossil  faunules  in  the  Hamilton  formation 
which  can  be  quite  accurately  defined.  •  A  glance  at  the  diagrams  PL  V, 
A  and  By  and  the  table  (Appendix)  shows  the  distinctness  with  which 
many  of  these  faunules  are  marked  off.  On  the  present  sea  bottom 
it  is  possible,  given  the  conditions  of  bottom,  depth,  temperature,  etc., 
in  any  region,  to  state  with  considerable  certainty  the  composition  of 
the  faunule.  The  boundary  line  between  modern  faunules  is  some- 
times distinct,  but  often  there  is  such  a  mixture  of  the  two  faunules 
at  the  boundary  that  it  is  impossible  to  state  where  the  line  should 
be  drawn.  In  the  vertical  distribution  of  fossil  faunules  the  same 
difficulty  is  encount.ered.  Shales  containing  a  mixture  of  faunules 
are  not  uncommon,  but  where  uniform  conditions  prevailed  for  a  con- 
siderable length  of  time  a  definite  group  of  species  occurs.  Occasion- 
ally the  change  was  sudden,  and  the  faunules  are  separated  by  a  dis- 
tinct line.  Zone  D  is  an  excellent  example  of  such  a  case;  the  shales 
above  and  below  are  almost  barren  of  fossils,  while  Zone  D  is  very 
fossiliferous.  Occasionally  a  thin  layer  of  fine  shale  is  seen  in  the 
midst  of  a  fossiliferous  zone,  or  a  thin  layer  rich  in  fossils  in  a  barren 
zone. 

(2)  The  difference  between  the  compositiqn  of  different  faunules  of 
the  Hamilton  formation  is  often  more  marked  than  between  faunules 
of  the  same  facies  belonging  to  different  formations.  A  study  of  liv- 
ing faunules  leads  one  to  expect  such  a  condition,  since  in  a  short 
distance  bathymetrically  and  geographically  there  is  often  a  complete 
change  in  species. 

(3)  Migration  of  the  organisms  which  lived  during  the  Hamilton 
stage  was  undoubtedly  accomplished  in  the  same  way  as  at  present.'' 
Such  animals  as  Crustacea  and  Orthoceratites  had  considerable  power 
of  movement  in  the  adult  condition,  but  the  common  fossil  animals, 
such  as  the  brachiopods  and  pelec3'pods,  were  practically  stationary 
when  mature.  The  only  means  of  migration  for  such  classes  was 
during  the  free  swimming  stage.  During  this  stage  they  were  carried 
about  by  currents  and  to  some  extent  moved  by  their  own  activity. 

«See  Parker  and  Haswell,  Text-Book  of  Zoology,  and  other  Zoologies.    Marine  Bionomy 
GraliHii. 
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Zoologists  cite  many  cases  of  the  sudden  appearance  of  species  previ- 
ously unknown  to  certain  localities  which  were  carried  there  during 
the  free  swimming  stage  by  unusual  conditions.  These  species  often 
live  but  one  year,  and  may  not  be  seen  again  for  years.  Drifting 
timber  and  other  means  enable  old  and  young  of  certain  species  to 
be  carried  long  distances.  The  migration  of  the  species  making  up 
the  bulk  of  the  Hamilton  faunules  undoubtedly  took  place,  for  the 
most  part,  during  the  free  swimming  stage. 

(4)  The  repetition  of  faunas  such  as  are  found  in  a  section  like  that 
of  Cayuga  Lake  shows  that  there  was  an  oscillation  of  similar  condi- 
tions. It  is  probable  that  had  the  conditions  remained  uniform  dur- 
ing the  whole  of  the  stage  only  one  of  these  faunas  would  have  occurred. 
The  Leiorhynchiis  zone  is  several  hundred  feet  thick  in  this  region. 
There  is  no  objection  to  the  supposition  that  such  a  faunule  would 
have  lived  on  throughout  the  stage  had  the  conditions  remained  as 
they  were  during  the  deposition  of  that  zone. 

(5)  An  "accidental"  faunule  is  one  which  has  been  produced  in  along 
period  of  time  in  a  region  where  sedimentation  has  been  very  slight, 
but  in  which  the  conditions  changed  for  short  periods  sufficiently  to 
introduce  a  few  species.  In  the  aggregate  the  number  of  species  of 
such  a  faunule  may  bo  great.  A  faunule  of  this  character  is  very  con- 
fusing, composed,  as  it  is,  of  species  from  perhaps  several  faunules. 
It  was  not  unusual  for  a  thousand  or  more  feet  of  sediment  to  be 
deposited  in  one  region,  while  in  another,  during  the  same  period  of 
time,  only  a  few  feet  were  laid  down.  It  is  consequently  unsafe  to 
say,  because  fossils  are  abundant  in  a  few  inches  of  shale,  that  the  con- 
ditions were  necessarily  exceptionally  favorable  for  the  development 
of  that  faunule.  It  is  not  impossible  that  hundreds  or  even  thousands 
of  years  may  have  elapsed  during  the  deposition  of  such  a  zone.  The 
comparison  of  the  thickness  of  the  Hamilton  formation  at  Cayuga 
Lake  with  that  at  Eighteenmile  Creek  showed  that  while  1,100  feet  of 
shales  were  deposited  in  the  Cayuga  Lake  region  only  67  feet  were 
deposited  at  Eighteenmile  Creek.  On  the  other  hand,  that  great 
length  of  time  and  little  sedimentation  are  not  necessary  for  the  for- 
mation of  all  fossilif erous  zones  is  evident  from  the  peculiar  and  char- 
acteristic faunules  of  these  zones  and  the  position  of  the  fossils  in  the 
shale  and  limestone. 

(6)  In  a  section  such  as  that  of  the  Hamilton  formation  at  Cayuga 
Lake,  which  represents  in  its  formation  between  1,846, 150  and  26,153,840 
years,^  if  the  statement  "natura  non  saltum  facet"  is  granted,  one 
should,  with  some  confidence,  expect  to  find  many — at  least  some — 
evidences  of  evolution.  A  careful  examination  of  the  fossils  of  all 
the  zones,  from  the  lowest  to  the  highest,  failed  to  reveal  any  evolu- 
tional changes,  with  the  possible  exception  of  Avibocodia  prcBumbana. 

a  The  first  estimate  is  from  Dana;  the  second  is  the  maximmn  of  G^iJde.  The<MeBo-Devonian 
was  estimated  as  one-third  the  Devonian. 
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The  species  are  as  distinct  or  as  variable  in  one  i)ortion  of  the  sec- 
tion as  in  another.  Species  varied  in  shape,  in  size,  and  in  surface 
markings,  but  these  changes  were  not  progressive.  The  conclusion 
must  be  that,  so  long  as  the  conditions  of  sedimentation  remain  as 
uniform  as  they  were  in  the  section  under  consideration,  the  evolution 
of  brachiopods,  gastropods,  and  pelecypods  either  does  not  take  place 
at  all  or  takes  place  very  seldom,  and  that  it  makes  little  difference 
how  much  time  elapses  so  long  as  the  conditions  of  environment 
remain  unchanged. 

(7)  An  analysis  of  the  Hamilton  faunas  shows  conclusively  that 
there  is  little  basis  for  the  terms  **an  upper"  and  "a  lower  Hamil- 
tonian  fauna  *'  unless  these  terms  are  used  to  signify  that  it  is  possible 
in  isolated  sections  to  state,  from  the  composition  of  the  fauna,  whether 
the  i*ock  is  above  or  below  the  Encrinal  bed. 
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Actinopteria  Hall «7 

boydi  Conrad «7,101 

decussata  Hall «7,101 

subdecnssata  Hall 67,101 

AmbocoBlia  Hall 48-4» 

pnenmbona  Hall 30,48,86,07 

nmbonata  Conrad 22, 

23, 27, 28, 29, 30, 32, 49, 83, 97 
AmboccBlia  zone,  first,  description  of  —  28 
Ambocoelia  zone,  second,  description  of. .  29 
AmbocGBlia  prseumbona  zone,  description 

of 30 

Ambonychiidw  Miller «6 

Ammonoidea 79 

Amplexns  Sowerby 85 

sp.nndet 29,85,96 

Anatinacea  Dall 71-72 

Ancyrocrinns  Hall 38 

bulbosnsHall »8,96 

Anomalodesmacea  Dall 71-72 

Anoplotheca  Sandberger 50 

Camilla  Hall 22,50,86,97 

flabeUitee 44 

Anthozoa-Actinozoa 85-38,95 

Arthropoda 79-81 

Aspidobranchia  Schweigger 78-74 

Atliynd»  Phillips 49-51 

AthyrinsD  Waagen 51 

Athyris  McCoy 51 

spiriferoides  Eaton 26,.S1, 51 ,97 

Atremata  Beecher 40-41 

AtrypaDalman 45 

reticularis  Linn»u» 29, 31 ,  45, 97 

AtrypidffiGiU 45 

AtrypinaB  "Waagen 45 

Aulopora  Goldfuss 37 

serpens  €k)ldfuss 37,95 

Auloporidffi  Nicholson 87 

Aviculopecten  McCoy • —  89-70 

fasciculatus  Hall 09,101 

prlncepe  Conrad 69,101 

scabridus  Hall 6%  101 


B. 


Basal  limestone,  description  of 83-84 

Bellerophon  de  Montfort 74 

crenistria  Hall 74,109 

ledaHall 74,108 

lyra 74.iaj 

petulus  Hall 74,108 

Bellerophontidee  McCoy 74 

Bibliography 92-94 

Bishop,  I.  P.,  con  elation  by 84 
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Brachiopoda 40-68, 86,  fe7, 89, 96 

Bryozoa Ehrenberg 89-40,96 

sp.  undet 40,96 

C. 

Callonema  Hall 76 

imitator  Hall  and  Whitfield 76, 103 

Oamarotcechia  Hall  and  Clarke 41-42 

congregata  Conrad 41,97 

dotisHall 41,97 

horsfordi  Hall 41,97 

proUficaHall 41,97 

sapphoHall 42,97 

CapulidaB  Cuvier 75 

Cardiolidie  Neumayr 62 

CavoliindiB  Fischer 76 

Cayuga  Lake  region,  general  description 

of 13-14 

section  of 14 

comparison  of,  with  other  sections 

of  Hamilton  formation 83-88 

time  represented  in  formation  of.        90 

zones  in,  figure  showing 21 

Centronella  Billings 48 

impressaHall 27,43,r4,97 

CentronellidsB  Hall  and  Clarke 43 

Cephalopoda 77-79,  lOB 

Ceratiocarina  Clarke 81 

Ceratopora  Grabau 37 

dichotoma  Grabau ^5,37,95 

ChaBtetes  Fischer 88 

fructicosa  Hall 88,95 

Cheptetidae  E.  &  H '. 88 

Chonetes  Fischer  de  Waldheim 28,  55-57 

coronatus  Conrad 65,98 

deflectaB&n 56 

lepidusHall 28,55-66,99 

lineatus  Conrad 22,56,99 

mucronatus  Hall.  SS,24,2.t,2S,:»,30,31, 56,99 

scitulusHaU 27,28,56,90 

setigerus  Hall 56,99 

vicinus  Castelnau 26,27,56-57,99 

sp 57,99 

Chonetes  zone,  description  of 28 

Chonetes  lepidus  zone,  description  of 28 

Chonetes  vicinus  zone,  description  of 26 

ChonetinsB  Waagen 55-57 

Cimitaria  Hall 71-72 

corrugata  C<mrad 71,102 

elongata  Conrad 72,102 

Clarke,  J.  M.,  cit3d  on  locality  of  first 

terebratula  zone 24 

description  of  Basal  limestone  by 83 

quoted  on  Ambocoelia  spinosa 49 
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Coal,8earch  for 17-18 

CcBlenterata $ft-S8 

Cceleospira  Camilla 60 

ColeolnsHall 77 

tenuicinctumfiall 77,108 

Ck>nocardiidie  Keumayr 67 

Conocardium  Bronn 67 

normaleHall 67,101 

Conrad,T.A.,geologric»lworkby 18 

Comilaria  MUler 77 

nndulata  Conrad 77,108 

GonQlarida  Miller  and  Gurley 76-77 

Corals 87 

Oomiferous  asone.  Ser  Onondaga-Hamil- 
ton zone. 

Correlation,  early  attempts  at 17 

Craniacea  Waagen 62-M 

Craniella  Oehlert 6«-M 

hamiltonlie  HaU 6«,»8 

Craniidae  King 62 

Crinoid  stems 384,29 

Crinoid  stems  and  plates $8,98 

Crinoidea  MiUer 88,96 

Crustacea 79-81,80,104 

Cryptonella  Hall 48 

UndktoniHall 44 

planiroetris  Hall 24,48,97 

rectirostris  Hall 24,48,97 

Cryptostomata  Vine 89-40 

Ctenobranchiata  Schwoigger 76-76 

Ctenodontidro  Dall 62-68 

CyathophyUidsB  E.  &  H 86 

Cyathophylloid  corals 85 

Cycloetomata  Busk 89 

Cypricardella  Hall 72 

bellistriata  Conrad 25,36,72,108 

Cypricardella  bellistriata-A thy ri«  Spirif- 
eroides  zone,  first,  description 

of 26 

Cypricardella  bellistriata- Athyris  Spirif- 
eroides  zone,  second,  descrip- 
tion of 27 

Cypricardiacea  Dall 72 

Cypricardinia  Hall 72 

indenta  Conrad    /. 72,102 

Cyrtina  Davidson 46 

hamiltonensis  Hall 46,97 

Cyrtochoanites  Hyatt 79 

CyrtoUtes  Conrad 74 

mitellaHall 74,103 

Cystodictya  Ulrich 40 

incisurata  Hall 31,40,96 

Cystodictya  zone,  deHcription  of 31-32 

Cystodictyonidse  Ulrich. 89 

Cystophyllum  americanum 24 

D. 

Dalmanites  Emmrich 80 

boothi  Green 31,80 

var.  calliteles  Green 80, 104 

Delthyris  Dalman 48 

consobrina  d'Orbigny 47,48,97 

sculptilis  Hall 48,97 

DiastoporidsB  Busk 89 

Dichocrinus  Miinster 88,96 

sp.? 88 
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DignomiaHall 41 

alveataHall * 41,9ft 

Diphyphyllum  Lonsdale 8^ 

archiaci  Billings 86,9& 

DUcinadoria 51 

humilis 51 

lodensis h& 

Disdnaoea  Waagen il-kt 

DiscinidfiD  Gray 61-42 

E. 

Eaton,  Amos,  geological  work  of 17,  IS 

EcbinocarideB  Clarke 81 

Echinocaris  Whitfield 81 

punctata  Hall 81,104 

Echinodermata SS 

ElymellaHaU 81 

fabaJisJall 61, 9» 

nuculoides  Hall 61, » 

Encrinal  beds,  extent  of IS 

fannules  of ,  comparison  of 84-8& 

Eucrustacca  Kiogsley 81 

Eunella  Hall  and  Clarke 44 

llnckl»ni  Hall 24,27,43,44,97 

»  EuomphalidsB  de  Koninck 74 

I  Euompbalus  Sowerby 74 

I         sp 74,108 

j  Eurycampyli  Hyatt 7* 


Faunal  zones,  table  showing  vertical  dis- 
tribution of,  with  their  con- 
tained faunules 95-105 

Favosites  Lamarck 24,86,83 

argusHall 86,95 

sp.  nndet 86,95 

Favositldae  E.  &  H 86-87 

Fenestellidae  King 40 

Fossiliferous  zones,  descriptions  of 20-34 

figure  showing 21 

Fossils  of  Hamilton  stage  throughout 
New  York  State,  diagrram 
showing  distribution  of 87 

G. 

Gasteropoda 78-77,85,87,106 

Glossites  Hall 61 

subtenuis  Hall 61,99 

Glyphioceratidte 79 

Glyptocardia  Hall 62 

specioeaHall 62,100 

Gomphoieras  Sowerby 79 

sp 79,104 

Gk>niatites  de  Haan 7» 

discoideus  Hall 79,104 

uniangularis  Conrad 79, 104 

Goniophora  Phillips 70-71 

glaucusHall 71,102 

hamiltonensis  Hall 70,102 

rugosa  Conrad 71,102 

truncata  Hall 71,108 

Grammyf-  ia  de  Vemeuil 60-61 

arcuata  Conrad 61,99 

bisulcata  Conrad 61,99 

constricta  Hall 25,60,99 

cuneata  Hall.. 61,99 

Grammysiidie  Fischer 60-61 
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Oranatocrinus  Troost 88 

(Pentremilis)  leda  Hall S8,96 

OymnogloflBa 75-76 

OymnoleemataAllman 8*)-40 

n. 

Hall,  James,  geological  work  by 18 

quoted  on  Ambocodlia  nmbonata 49 

quoted  on  Encrinal  beds 84 

quoted  on  fossils  of  Hamilton  forma- 
tion          88 

Hamilton  fauna,  use  of  terms  "Upper" 

and  "Lower" 86 

Hamilton  formation, conclusionn  relative 

to  fossil  faunules  in 89-91 

extent  and  characterof 14-15 

founal  zones  in,  table  showing  vertical 
distribution  of,  with  their  con- 
tained faunules 95-l(i5 

history  of 17-19 

thickness  of 10,20 

Hamilton  stage,  fossils  of,  diagram  show- 
ing distribution  of 87 

Hamilton-Onondaga  zone,  description  of.  20-22 
faunuleof 22 

Hederella  Hall 30 

canadensis  Nicholson 89,96 

Heliophyllum  Hall 86,88 

confluensHall 24,86,84,95 

halliE.  AH 24,86,84,95 

Hexacoralla  Haeckel 36-88 

Hindellin»  Schuchert 49-51 

HomalonotusEOenig 80 

dekayi  Green H«,104 

Hyolithes  Eichwald 77 

aclisHall 77,103 

striatusHall 77,103 

HyoUthid»  Nicholson 77 

Hypothyris  King 42 

cuboides  Sowerby 42,97 


J. 


Jointing  in  the  region . 


K. 
King  Ferry,  concretionary  layers  at . 


15 


15 


Lake  Bidge,  concretionary  layers  at 15 

Leda  Schumacher 6t 

brevirostris  Hall 64,100 

rostellAta  Conrad 64,100 

LedidflB  Adams 64-65 

Leiopteria Hall 30,67-68 

conradlHall 68,101 

dekayi  Hall 68,101 

gabbiHall 67,101 

greeniHaU 67,101 

l»vi8  Hall 67,101 

raflnesqull  Hall 67,101 

sayiHall 68,101 

Leiorhyncbus  Hall 42-48 

dubiumHall 42 

lauraBllhngs 15,30,31,33,42,97 

llmitapo  Vanuxem 23,83,42,48,86,97 

multicoBta  HaII 42 

LeIorhynchuB  firana,  composition  of 23 


Page. 
Leiorhyncbus  zone,  first,  description  of  . .  22-28 
Leiorhyncbus  zone ,  second ,  description  of       23 
Leiorhyncbus  zone,  third,  description  of .       25 

Lepidodendron  Sternberg 82 

gaspianum  Dawson 82,106 

Limestone,  Basal,  description  of 8^-84 

Lincoln,  D.  P.,  cited  on  locality  of  first 

terebratula  zone 24 

used  term  "  Basal  Hamilton  " 83 

Lingula  Bruguidre {<^41 

alveata 41 

deliaHall 40,96 

densaHall 41,96 

ligeaHall 41,96 

Lingulacea  Waagen 40-41 

Lingulidce  Gray 40-41 

'  Literature,  bibliography  of 92-94 

I  Loxonema  Phillips 75-76 

delphicola  Hall, 75,76,108 

hamiltoniro  Hall 75,108 

Lucinacea  Anton 72-78 

Lncinidas  Fleming.. 72-78 

LunulicardiidfiB  Fischer 66 

Lunulicardium  Mtlnster 66 

curtum  Hall 66,101 

fragile  Hall 28,66,101 

omatumHall 06,101 

Lyolithes  Eichwald 77 

Lyriopecten  Hall 70 

orbiculatus  Hall 70,101 

M. 
McClure,  William,  geological  work  by . . .       17 

Ma(;rodon  hamiltonisB •    65 

Malacostraca  LatreiUe 81 

Marcellus  shale,  description  of 22-23 

Martinia  McCoy 48 

subumbona  Hall 48,97 

Megalanterime  Waagen 48 

Meristella  Hall 51 

haskinsiHall e4,51, 84,97 

Meristellinee  Waagen 51 

Mesothyra  Hall  and  Clatke 81 

oceaniHall 81,105 

Michelinia  de  Koninck 25,87 

stylopora  Eaton 25,87,95 

Michelinia  zone  (provisional),  description 

of 25 

Microdon  bellistriatus 72 

ModiellaHall 30,68 

pygnuea  Conrad 68,101 

Modiellapygmfea  zone,  description  of 30 

Modiolopsidae  Fischer 70-71 

Modiomorpha  Hall 27»70 

alta  Conrad 70,102 

concentrica  Conrad 70,101 

mytiloides  Conrad 70,108 

subalata  Conrad 70,101 

Mollusca 50-79 

Molluscoidea 80-68 

MyallnidaB  Freeh 68 

Mytilacea  Ferussac 70-71 

MytUarcaHaU 66 

gibbosaHall C6,101 

N. 

NautIUd» 78 

Nautiloidea 77-70 
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NteUtiluB  Bi'ey  n 78 

fragments 78,104 

liratns  Juvenis  Hall 78,108 

Neotremata  Boecher &1-&8 

NucleoBpira  Hall 49 

concinnaHall 27,49,97 

Niicula  Lamarck 30, 6S 

bPllistriata  Conrad 68,100 

corbuliformis  Hall 25,68,100 

lirata  Conrad 68,100 

randalliHall 68,100 

vaHcosaHall 68,100 

Nuculaoea 62-65 

NuculidaB  AdamH 68 

Nuculitea  Conrad  30,62-68 

oblongatus  Conrad 68,68, 100 

triqueter  Conrad 62,68,100 

O. 

Onondaga-Hamilton  zon<^ 20-22 

Ontario  County,  Banal  limestones  of,  de- 
scription of 83 

Opisthobranchia  Milne-Edwards     76-7 7 

Opisthoparia  Boecher 79-80 

Orbiculoidea  d'Orbigny '..  30, 51-52 

doriaHall 61,97 

humilisHall 61,98 

lodiensis  Vanuxem 62,98 

media  Hall 15.30,52.98 

Orbionloidoa  or  modified  Ijeiorhynchiis 

zone,  description  of 30-31 

OrthidtP  Woodward 58 

OrthjM  r'aunxfmi ^ : 58 

OrtluK'eras  Breynin  \ 77-78 

ctelamenHall    78.103 

constrictum  Vanuxeni 78,  KX} 

crotalumHall 77. im 

exile  Hall 78,103 

marcellenst^  Vanuxein 78,103 

mintium  Hall    78,103 

snlmlatum  Hall 78.103 

sp.  und.'t 78.1t« 

Orthocerati*i«P 77-78 

OrthoceratitcH 2^33,89 

Ortho<*hoanit«»H  Hyatt 77-78 

Orthonota  CV)nrad 59-60 

carlnata  Conrad 59-60, 99 

(?l  parvulrt  Hall 60,99 

undtilata  C^mrad 27,60,99 

Orthonnta  zone,  des<'riptif m  of 27 

Orthothetes  Fis<'ber  de  \Valdh<'im    54  -55 

cbeniiinpenHis       var.       arctistriatuh 

Hail 54-55.98 

var.  i)ers'ersTis  Hull    65,98 

var 56,98 

Ortbot  hetina>  Waagen 54-55 

Ostracoda  Latreille : 81,105 

Ostrocods 32 

P. 

Palieoneilo  Hall 30,64-65 

const r iota  Conrad 28,29,32,64,100 

emarf^inata  Conrad 64, 100 

fecnndaHail 65,100 

maxima  Conrad 64, 100 

mutaHall 64,100 

plana  Hall 64,100 


Pa«e. 

PaliPoneilo  tenoistriata  Hall 64, 100 

Panenka  Barrande 6S 

llnckteni  Miller 62,99 

potens  Hall 62,90 

sp.  undet 62,90 

Paracyclas  Hall 72-78 

lirata Conral 78,102 

tenuis  Hall 72,108 

Parallelodon  Meek 6& 

hamiltoniaBHall 66,101 

ParallelodontidiB  Dall 64 

Pectinacett  Reeve 69-70 

Pectinidae  Lamarck 69-70 

PelecypodaGoldfuas 69-78,87,89,99 

PentameraceaSchuchert 68 

Pentamerella  Hall 68 

pavilionensis  Hall 68, 90 

Pontameridfp  McCoy 68 

PhacopidaB  Salter 80 

Phacops  Emmricb 80 

cristata  var.  pipa  Hall 22,80,104 

rana  Green 23,28,29,81.82,49,80,104 

PholadellaHall 71 

parallela  Hall 71,102 

radiata  Conrad 71,102 

Pboladellidap  Mi'ler 71-72 

Pholidops  Hall 62 

hamiltoniwHall 38,29,81,32,62,98 

UnguUndeii 62 

oblataHall 52.98 

Pholidostrophia  Hall  and  Clarke 64 

lowaensia  Owen 26,54.98 

Plinu^moceratidte  79 

PbthoniaHall 69 

cylindrica  Hall 69,99 

nodicostata  Hall 27,59,99 

sectifrons  Conrad 59,99 

Phyllocarida  Packard 81 

Plant  f rnjf ments 82, 105 

nantff> 82 

Platyceras  Conrad 76 

bucculentum  Hall 75,103 

carinatum  Hall 76,103 

conicum  Hall 75,103 

ert^ctumHall ^ 75,108 

Platyostoma  Conrad 75 

lineata  Conrad 85,75,103 

variansHall 75,108 

PlatyptKla 75-76 

PlotbomytUus  Hall 66 

oviform  is  Conrad 66,101 

Pleurophorida>  Dall 72 

Pleurotomaria  de  France* 78-74 

capillaria  Conrad 73,102 

itysHall 78,102 

rotaliaHall 78,108 

rugulatallali 74,103 

sulcomarginata  Conrad 78, 103 

trilixHall 78,108 

Pleurotomanidfe  d'Orbigny 78-74 

Poljrpora  McCoy 40 

multiplex  Hall 40,96 

Prionode-smacea  Dall 69-71 

Productella  Hall 67 

navicella  Hall 67,99 

8pinulicx)sta  Hall 67,89 

truncata 57 
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ProdnctidaB  Gray 6&-67 

ProductinaD  Waagen 47 

PrOetidae  Barrande 7«-80 

PrOetus  Steininger 7»-80 

macrocephalus  Hall 80,104 

microgemma  Hall 80,104 

powiGreen 70,104 

Proparia  Beecher 80 

Ppoe8er,C.  S., cited  on  Vitulinapustulosa.       50 
quoted  on  correlation  by  Professor 

White 85 

reference  to  faunal  lists  of 87 

ProthyrisMeek 60 

lanceoUtaHall 27,60,99 

truncata  sp.  nov 60,99 

Protremata  Beecher 56-68 

Ptenogloeea  Gray 76 

Pteriacea  Dall 66-68 

Pteriid»Meek 67-68 

Pterinea  Goldfnss 65 

flabella  Conrad 66,101 

Pterineidae  DaU 66 

Pterineopecten  Hall 60 

hermesHaU 60,101 

intermedins  Hall 60,101 

nndoeusHall 60,101 

vertumnus  Hall 60,101 

Pteropoda  Cuvier 76 

Pyramidellid»  Gray 75-76 

R. 

Raflneequininae  Schuchert 6S-66 

Renevier,  correlation  of 19 

Reptaria  RoUe 80 

stolonifera  Rolle 80,96 

Reticnlaria  McCoy 40 

fimbriata  Conrad 40,86,97 

Rhinocardidae  Clarke 81 

Rhinocarina  Clarke 81 

Rhinocaris  Clarke 81 

sp 81,105 

Rhipidoglossa  TroBchel 78-74 

Rhipidomella  Oehlert 58 

cyclasHall 58,99 

penelopeHall 68,99 

vanuxemiHaU 24,29,31,68,99 

Bhynchonella  conyreyafa 41 

dotis 41 

horsfordi 41 

»appho 42 

venustula 42 

prolijica 41 

Rhynchonellacea  Schuchert 41-48 

Rhynchonellidae  Gray 41-48 

S. 

Scalariidas  Broderip 76 

Schizodns  King 68 

appressos  Conrad 68, 101 

contractns  Hall 68,101 

Shnrger  Glen,  concretionary  layers  at . . .       15 

Skaneateles  Lake,  coral  bed  near 85 

SolemyacidaB  Dall 50 

8oienopfiida0  Nemnayr 60-60 

South  American  Hamilton,  correlation  of       19 

SpathelUHall 66 

typicaHall 66 


Page. 

Sphenotus Hall ..; 6I> 

arca^formis  Hall 66,101 

cuneatus  Conrad 66,101 

solenoides  Hall 66,101 

Spirifer  Sowerby 46-47 

audaculus  Conrad 31,46,46,47,97 

macronotus  Hall 46,9T 

clintoni 46 

consobrinus 80 

divaricatusHall 24,27.46,97 

fimbriata 40 

granulifera'BAW 46 

gronulosus  Conrad 27,31,46,86,97 

macra 47 

macrusHall 22,47,86,97 

marcyiHall 81,47,86,97 

medialis 45 

mucronata 47 

mucronatus 83 

pennatus  Atwater 26,28, 

29,80,31,45,47,48,97 

tullia 47 

tuUiusHall 30,47,97 

Spirifer-AtryT)a  zone,  description  of 81 

Spirifer  a  sculpt  ilU 48 

aubumhona 48 

ziczac 48 

Spiriferacea  Waagen 45-61 

Spiriferidae  King 45-40 

Spirorbis  Daudin 80 

angulatus  Hall 80,96 

Streptelasma  Hall 85 

rectum  Hall 29,86,95 

Streptoneura  8pengt*l 78-77 

Streptorhynchua  chemungenais    arctostri- 

ata 64 

chemunyen8i8i>er  vermis 55 

pectinacea 56 

Strophalosia  King 67 

truncata  Hall 33,57,86,99 

Stropheodonta  Hall 63-64 

concavaHall 29,58,86,98 

demissa  Conrad 58,98 

inaBquistriata  Conrad 24,29,58,98 

juniaHall 29,31,64,86,98 

MorreaHall 54 

perplana  Conrad 31,54,9H 

var 54,98 

textilis .* 64 

Stropheodonta-coralline  zone,  descrijition 

of 29 

Strophomenacea  Schuchert 68-58 

Strophostylus 75 

StyUola  Lesueur 213,33,76 

flssurella  Hall 21,76,103 

Syringoiwra  Goldfuss 87,84 

sp.undet 87,96 

Syringoporidte  E.  &  H 87 

Suessiinae  Waageu 45 

T. 

TabulataE.  &H 86-88 

Toenioglossa  Bouvier 75 

Taeniopora  Nicholson 80 

exigua  Nicholson 80,96 

Taonurus 82,105 

sp.  ?  Fischer-Ooster 82 
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Teleodeeonacea  Dall .* 72-78 

Tellinopais  Hall 30,61 

Babemarfdnata  Conrad 87, 8S,  •1,99 

Tellinopais  zone,  deerription  of 28-27 

Telotremata  Beecher 41-61 

Tentaculites  Schlotheim 21 ,  33, 83, 76 

bellulusHall 76,108 

Tentaculitidffi  Walcott 76 

TerebratellidaB  Kinjf 44-45 

Terebratula  zone,  flrat,  deat'ription  of . . .  2H-24 
Terebratula  zone,  second  (Enerinalbeds), 

description  of 27 

Terebratnlacea  Waagren 4S-4o 

Terebratulidae  Gray 48-44 

Terebratnlin®  Dall 44 

Tetrabranchiata  Owen 77-79 

Tetracoralla  Haeckel 85-86 

TorellellidiB  Holm 77 

Trachypora  E.  &  H 87 

(Dendropora)  omata  Rominger 87,95 

Trigoniacea  Bronn 68 

TrIgoniidaB  Lamarck 68 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 
Wcishington,  D.  0.,  September  26,  190£, 
Sir:  I  have  the  honor  to  transmit  herewith  a  memoir  by  Messrs. 
Clarke  and  Steiger  on  the  action  of  ammonium  chloride  upon  silicates, 
with  the  recommendation  that  it  be  published  as  a  bulletin.  These 
researches  are  of  great  geological  importance  for  the  light  they  throw 
upon  the  rational  constitution  of  minerals.  They  are  based  on  a 
method  which  is  wholly  novel  and  which  is  capable  of  wide  applica- 
tion. The  work  is  most  creditable  to  the  authors  and  to  the  United 
States  Geological  Survey. 

Very  respectfully,  your  obedient  servant, 

George  F.  Becker, 

Geologist  in  Charge, 
Division  of  Chemical  and  Physical  Research. 

Hon.  Charles  D.  Walcott, 

Director  United  States  Oeological  Survey, 
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THE  ACTION  OF  AMMONIUM  CHLORIDE  UPON 

SILICATES. 


By  Frank  Wigglesworth  Clarke  and  George  Steiger. 


INTRODUCTORY   STATEMENT. 

In  a  series  of  investigations  by  Clarke  and  Schneider,  which  werv> 
carried  out  in  the  laboratory  of  the  United  States  Geological  Survey 
between  the  years  1889  and  1892,'*  a  number  of  reactions  were  studied 
whicli  shed  some  light  upon  the  constitution  of  the  natural  silicates. 
Among  these  reactions  two  were  of  peculiar  interest,  on  account  of 
their  simplicity  and  the  ease  with  which  they  could  be  applied. 

First,  in  the  case  of  talc,  it  was  found  that  one-fourth  of  the  silica 
could  be  liberated  by  ignition ;  and  that  the  fraction  thus  set  free 
was  measurable  by  solution  in  aqueous  sodium  carbonate.  This 
reaction  suggests  that  other  acid  metasilicates  may  behave  in  a  sim- 
ilar way,  and  that  we  perhaps  have  a  means  of  discrimination  between 
such  salts  and  other  compounds  which  simulate  them.  In  other 
words,  an  acid  metasilicate  may  be  experimentally  distinguished 
from  a  pseudo-metasilicate  by  the  way  in  which  it  splits  up  when 
ignited.  Evidence  bearing  upon  this  supposition  will  be  found  in 
the  present  paper. 

The  second  of  the  reactions  just  referred  to  is  that  between  dry 
ammonium  chloride,  at  its  temperature  of  dissociation^  and  various 
silicates,  different  minerals  being  very  differently  attacked.  Some 
are  completely  decomposed,  others  are  affected  but  slightly,  and  in 
certain  cases  substitutions  are  produced  of  a  most  suggestive  char- 
acter. To  a  certain  extent,  the  two  reactions  overlap ;  that  is,  each 
one  bears  somewhat  upon  the  other,  and  hence  both  have  received 
consideration  in  the  present  series  of  researches. 

In  the  earlier  stages  of  our  work  the  several  silicates  which  were 
studied  were  heated  with  dry  ammonium  chloride  in  open  platinum 
crucibles.  The  temperature  chosen  was  350°,  at  which  point  the 
chloride  breaks  up  into  gaseous  hydrochloric  acid  and  free  ammonia, 

a  Bulls.  U.  S.  Geol.  Survey  No.  78,  p.  11;  No.  90,  p.  11;  No.  113,  pp.  27,  34. 
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and  in  this  way  partial  changes  were  effected.  Later,  the  heatinp 
were  performed  in  sealed  combustion  tubes,  and  then  the  reaction 
proved  to  be  much  more  far-reaching.  In  nearly  every  case  the 
material  taken  for  investigati(m  was  ground  up  into  one  large,  uni- 
form sample,  upon  wliich  all  the  experiments  were  performeil,  and 
in  that  way  the  results  obtained  are  comparable  with  one  another. 
The  few  exceptions  to  this  rule  of  procedure  will  be  noticed  at  the 
proper  places.  In  testing  for  soluble  silica,  a  standard  solution  of 
sodium  carbonate,  containing  250  grams  to  the  liter,  was  used,  and 
here  again  the  experimental  conditions  have  been  kept  uniform.  So 
much  premised,  we  may  proceed  to  the  description  of  our  investiga- 
tions, species  by  species,  in  det^iil. 


ANALCITE. 

Analcite,  from  many  points  of  view,  is  a  species  of  peculiar  inter- 
est, and  of  late  years  it  has  received  a  gi'eat  deal  of  attention.  Its 
formula  may  be  written  in  various  ways,  especially  as  regards  the 
interpretation  of  its  one  molecule  of  water;  but  evidence  too  often 
has  yielded  before  preconceived  opinion.  Additional  evidence  is  now 
available,  partly  from  the  experiments  of  Friedel,  and  partly  from 
the  data  obtained  during  the  present  investigation. 

The  analcite  first  examined  by  us  was  in  well-developed  crystals 
from  Wassons  Bluff  in  Nova  Scotia.  A  uniform  sample  was  pre- 
pared, as  usual,  and  the  analysis,  given  below,  is  contrasted  with  the 
theoretical  composition  required  by  the  accepted  empirical  formula 
NaAlSijOe .  H2O. 


SiO,.. 
AlA 

CaO  - 


Found. 


Na,0 

H,OatlOO° 

HjO  over  100" 


57.06 

21.48 

.18 

.16 

12.30 

.58 

8.38 

99.99 


Calcnlat«d. 

54.55 
23.18 


14.09 


8.18 
100.00 


Inactions  of  water. 

At  100° 0.58 

At  180' _ 1.16 

At  260' 3.64 

At  300 1.57 

Low  redness. 1.90 

Full  redness .11 

Blast _ _ none 

8.96 
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The  fractional  water  determinations  were  made  by  heating  in  an 
air  bath'  to  constant  weight  at  each  temperature  up  to  300°,  and 
finally  over  the  direct  flame.  The  first  fraction,  at  100°,  is  evidently 
hygroscopic  or  extraneous  water,  which  can  be  disregarded.  The 
remainder  of  the  water,  8.38  per  cent,  belongs  to  the  species.  The 
significance  of  the  analytical  figures  will  be  considered  later. 

Upon  Iwiling  the  powdered  analcite  with  the  standard  sodium  car- 
bonate solution,  0.73  per  cent  of  silica  was  extract/cd.  Aft<>r  ignition 
the  mineral  in  two  determinations  yielded  1.46  and  1.38  percent, 
respectively.  The  splitting  off  of  silica  is,  therefore,  very  slight;  and 
one  of  the  formulae  proposed  by  Doelter,«  NagAlgSigOg+SIIgSiOg,  may 
be  set  aside  as  improbable.  Metasilicic  acid,  or  an  acid  metasilicate, 
can  hardly  be  present  in  analcite;  although  the  possibility  of  a  neutral 
metasilicate,  as  indicated  by  the  empirical  formula,  is  not  excluded. 
If  Doelter's  formula  were  correct,  one-half  of  the  silica  should  be 
liberated  by  ignition. 

Upon  heating  analcite  with  Sry  ammonium  chloride,  notable  results 
were  obtained  even  in  au  open  platinum  crucible.  Sodium  chloride 
was  formed,  which  could  be  leached  out  by  water  and  measured, 
while  ammonia,  free  from  chlorine,  was  retained  by  the  residue  to  a 
notable  and  surprisingly  stable  degree.  The  experiments  in  detail 
were  as  follows : 

A.  Analcite,  mixed  with  four  times  its  weight  of  ammonium  chloride,  was 
heated  for  four  hours  to  350*".  There  was  a  gain  in  weight  of  2.18  per  cent,  and 
6.10  i)er  cent  of  soda,  or  one-half  of  the  total  amount,  was  converted  into  NaCl, 
which  was  leached  out  by  water,  examined  as  to  its  purity,  and  weighed.  In  the 
residue  1.20  per  cent  of  silica  was  extracted  by  sodium  carbonate,  showing  that 
no  more  splitting  off  had  occurred  than  was  previously  observed.  The  gain  in 
weight,  as  will  be  seen  from  subsequent  experiments,  is  due  to  the  fact  that  all  of 
the  NH4CI  had  not  been  driven  off,  or  else  that  more  water  was  retained. 

B.  Analcite  was  ground  up  with  four  times  its  weight  of  NH4CI,  heated  for 
several  hours,  reground  with  another  fourfold  i)ortion  of  chloride,  and  heated  to 
360°  for  twenty-one  hours.  Gain  in  weight,  0.08  per  cent.  5.57  per  cent  of  soda 
was  extracted  as  chloride. 

C.  Analcite  heated  to  350°  for  eight  hours  with  four  times  its  weight  of  NH4CI. 
Loss  of  weight,  0.10  per  cent. 

D.  Six  grams  of  mineral  and  28  of  chloride,  mixed  by  thorough  grinding,  were 
heated  to  350"  for  fourteen  hours;  then  were  reground  with  28  grams  of  fresh 
NH4CI  and  heated  for  thirty-five  hours.  Loss  of  weight,  0.13  per  cent.  5.07  x)er 
cent  of  soda  was  extracted  as  chloride,  plus  0.14  of  ammonium  chloride  unezpelleil. 
2.03  per  cent  of  silica  was  rendered  soluble  in  sodium  carbonate. 

So  far  three  facts  are  noticeable.  First,  the  weight  of  the  mineral 
aftier  treatment  is  almost  exactly  the  same  as  before,  showing  that 
gains  and  losses  have  balanced  each  other.  Secondly,  little  silica  has 
been  split  off.  Thirdly,  approximately,  but  not  rigorously,  one-half 
of  the  soda  has  been  converted  into  NaCl.  In  A  it  was  exactly  half; 
in  the  other  experiments,  a  little  less  than  half.  Furthermore,  in  the 
sodium  chloride  dissolved  out,  there  is  only  a  very  little  ammonium 
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chloride,  amounting  at  most  to  0.14  per  cent,  calculated  upon  the 
weight  of  the  original  mineral. 

In  the  residue  of  the  analcite  after  extraction  of  sodium  chloride, 
abundant  ammonia  can  be  detected,  with  either  no  chlorine  or  at 
most  a  doubtful  trace.  If,  however,  the  unleached  mineral,  still 
retaining  its  sodium  chloride,  be  heated  strongly,  say,  from  400°  up 
to  redness,  ■NH4CI  is  regenerated  and  given  off.  Its  absence,  as  such, 
both  from  the  leach  and  the  residue  was  repeatedly  proved.  The 
ammonia  and  water  retained  by  the  analcite  after  heating  to  350°  with 
ammonium  chloride  were  several  times  determined,  and  the  following 
percentages,  still  reckoned  on  the  original  mineral,  were  found: 


NH,. 

H,0. 

InB  - 

2.03 
2.19 
2.86 
2.85 
2.06 

2.25 

InC -. 

InD                             

2.00 
1.89 

(i 

ii 



MfMiTl 

2.20 

2.04 

Correcting  the  ammonia  for  the  0.14  of  NH4CI  found  in  D,  the  mean 
value  becomes  2.15.  The  detenninations  of  it  were  made  by  three 
distinct  methods,  and  there  is  no  possible  doubt  as  to  its  presence. 

The  composition  of  the  analcite  after  the  treatment  with  ammonium 
chloride  may  now  be  considered,  with  the  subjoined  combination  of 
the  data.  The  NaCI  in  A,  11.50  per  cent,  was  in  material  which  had 
gained  2.18  per  cent,  and  is  subject  to  a  correction  which  reduces  the 
figure  to  11.26.  In  B,  C,  and  D  the  corresponding  correction  is  so 
small  that  it  may  be  neglected.  The  last  column  gives  the  composi- 
tion of  tlie  leached  residue,  recalculated  to  100  per  cent,  after  deduc- 
tion of  NaCl  and  the  soluble  silica.  The  letters  refer  back  to  the 
several  experiments,  and  the  little  iron  is  included  with  the  alumina. 


Sol.SiO,     . 
Insol.  SiO,- 

A1,0, 

CaO 

NaCl. 

Na,0 

NH3 

H,0 


1.20 


11.26 


10.50 


2.03 
2. 25 


C. 


2.19 
2.00 


D. 

2.03 

54.96 

21.37 

.16 

9.57 

7.12 

2.21 


1.89 

99.31 

Average. 

Rcsidae. 

1.61 

54.96 

21.37 

.16 

10.44 

7.12 

2.15 

2.04 

62.59 

24.34 

•  18 

8.11 
2.46 
2.32 

99.85 

100.00 
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The  results  thus  obtained  with  analcite  from  Nova  Scotia  were  so 
remarkable  that  further  investigation  seemed  to  be  needed  upon 
material  of  •  different  origin,  and  with  variation  in  tlie  details  of 
manipulation.  The  new  experiments,  which  have  led  to  higlily  inter- 
esting consequences,  are  now  to  be  described. 

To  the  kindness  of  Phresident  Regis  Chauvenet,  of  the  State  School 
of  Mines,  we  are  indebted  for  a  liberal  supply  of  well-crystallized 
analcite  from  North  Table  Mountain,  near  Golden,  Colo.,  of  which  a 
uniform  sample  of  about  80  grams  was  preparnl.  An  analysis  of 
the  mineral  gave  the  following  results: 

SiO, - - - -- 55.72 

Al,Os- - -  23.06 

CaO - - 17 

Na,0 -.- - 12.46 

H^OatlOO" - „     0.18 

HjO  above  100" 8.26 

99.80 
Water  by  fractions. 

At  100" - ------     0.13 

At  180" 75 

At260^ - 2.44 

At  800° - - - --     1.28 

At  350° - 1.76 

Atredness - 2.03 

8.39 
Above  a  low  red  heat  no  further  loss  of  weight  was  observed.  Upon 
boiling  the  powdered  mineral  for  fifteen  minutes  with  the  standard 
solution  of  sodium  carbonate,  0.45  per  cent  of  silica  was  dissolved. 
After  ignition,  0.57  per  cent  was  soluble,  which  is  practically  the 
same  amount.  No  silica  was  split  off  by  heating.  The  experiments 
with  ammonium  chloride  fall  into  two  series.  The  first  of  these  was 
conducted  precisely  as  in  the  case  of  the  Nova  Scotian  material, 
namely,  by  grinding  the  powdered  mineral  into  an  intimate  mixture 
with  four  times  its  weight  of  the  chloride,  and  heating  in  an  open 
crucible.  In  three  cases  the  material,  after  volatilization  of  the 
ammonium  chloride,  was  reground  with  a  fresh  amount  of  the  salt, 
and  then  heated  again.  The  temperature  and  duration  of  the  experi- 
ments were  purposely  somewhat  varied.  After  heating,  the  material 
was  leached  out  with  water,  the  sodium  chloride  which  had  been  formed 
was  estimated,  and  in  the  residue  the  fixed  ammonia  was  determined. 
In  this  series  there  were  four  experiments,  with  results  a«  follows: 


A 
B 
C 
D 


Hours 
heated. 


28 
81 
26 


Temper- 
ature. 


Soda  re- 
moved. 


800 

850 

850 

840-880 


I  Ammonia 
I  in  residue. 


I 

4.75  I 

6.86  1 

8.76  I 
6.70  ! 


2.04 

2.88 
1.72 
2. 85 
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In  the  Hiialcite  from  Nova  Scotia  the  ammonia  retained  by  the 
leached  residue  ranged  from  2.03  to  2.36  per  cent,  while  the  extracted 
soda  varied  from  5.07  to  6.10.  In  two  of  the  new  experitnents  these 
figures  are  perceptibly  exceeded,  and  they  represent  the  shortest 
duration  of  heating.  Prolonged  heating  seems  to  l>e  undesirable, and 
seem  i  to  undo  a  part  of  the  reaction  Which  has  taken  place;  otherwise 
the  results  obtained  are  of  the  same  oi*der  as  their  pn^decessors. 
Al)out  one-half  of  the  soda  in  the  analcite  is  converted  into  chloride, 
while  variable  ammonia  is  retained. 

In  the  second  series  of  experiments  a  sealed  tube  was  substituted 
for  the  oj^en  crucible.  The  powdered  analcite  was  intimately  ground 
with  four  times  its  weight  of  ammonium  chloride,  as  befoi-e,  and  then 
heated  to  350°  in  a  tube  furnace  for  from  four  to  eleven  hours.  Under 
these  conditions  practically  the  whole  of  the  soda  in  the  mineral  was 
converted  into  sodium  chloride,  while  all  of  the  liberated  ammonia 
was  absorbed  by  the  residual  silica-te.  Upon  leaching  the  eontente 
of  the  tube  with  water,  to  remove  sodium  and  ammonium  chlorides, 
a  residue  was  obtained  which  exhibited  constant  composition  whether 
dried  at  100°  or  at  the  ordinary  temperature  of  the  air.  Three 
samples  of  the  residue  were  prepared  and  analyzed;  other  samples 
were  partially  examined  and  used  for  subsidiary  experiments.  The 
three  analyses,  lettered  for  future  reference,  were  as  follows,  the 
analcite  itself  being  included  in  the  table  for  comparison : 


SiO,  - 
Al^Os 
CaO  . 
Na,0 
NH,  . 


H,0- 


Analcite. 

ReaidaeA. 
61.93 

Rteidue  B. 
61.68 

Residue  C. 

55.72 

61.79 

23.06 

25.21 

25.33 

25.34 

.17 
12.46 

.40 

.22 

.28 

7.23 

6.95 

7.71 

8.39 

4.50 
99.27 

4.91 

5.01 

99.80 

99.09 

100.03 

Residue  C  was  prepared  with  the  greatest  care,  and  was  air  dried. 
Exposed  over  sulphuric  acid  in  a  vacuum  desiccator  for  fourteen  days, 
it  lost  in  weight  only  0.08  per  cent.  Tested  for  chlorine,  only  a  slight 
trace  could  be  recognized,  but  upon  boiling  for  fifteen  minutes  with 
sodium  carbonate  solution  it  yielded  1.97  of  soluble  silica.  After 
ignition  only  1.70  of  silica  was  soluble,  or  somewhat  less  than  before. 
Upon  heating  to  constant  weight  at  300°,  only  0.46  per  cent  was  lost, 
but  at  350°  it  slowly  decomposed,  giving  off  ammonia.  At  300°  the 
compound  is  stable. 

The  0.28  per  cent  of  soda  remaining  in  residue  C  may  be  regarded 
as  representing  unaltered  analcite,  doubtless  coarser  particles  which 
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escaped  complete  transformation.  It  corresponds  to  1.98  per  cent  of 
analcite,  which,  together  with  the  1.97  of  soluble  silica  and  the  0.46 
of  water  lost  below  300^,  may  be  deducted  from  the  substance  in 
order  to  obtain  the  composition  of  the  definite  compound.  The  latter 
amounts  to  94.72  per  cent  of  the  total  residue,  and  agrees  very  nearly 
in  composition  with  the  formula 

2NH8.H20.AlA-4Si02. 

Recalculating  the  94.72  of  residue  to  100  per  cent,  we  get  the  follow- 
ing comparison  between  analysis  and  theory: 


Found. 

Calculated. 

61.07 

26.15 

8.14 

4.64 

60.92 

25.88 
8.63 
4.57 

100.00 

100.00 

SiO,. 
A1,0, 
NH, 
H,0. 


Written  in  rational  form  the  compound  becomes  equivalent  to  an 
anhydrous  ammonium  analcite, 

NH4AlSi206; 
that  is,  analcite  in  which  sodium  has  been  replaced  by  ammonium. 
From  this  point  of  view  the  reaction  between  analcite  and  ammonium 
chloride  becomes  a  simple  case  of  double  decomposition,  and  is  per- 
fectly intelligible.  To  establish  this  conclusion,  however,  corrobora- 
tive experiments  were  necessarj\ 

In  the  first  place,  the  observed  equivalency  between  the  sodium 
lost  and  the  ammonia  gained  might  be  due  to  a  mere  coincidence,  and 
so  far  be  illusory.  One  atom  of  sodium,  taking  chlorine  from  ammo- 
nium chloride,  liberates  one  molecule  of  ammonia,  the  amount  which 
the  analcite  residue  has  retained.  Suppose  more  ammonia  were  pres- 
ent; could  it  be  absorbed? 

To  answer  this  question  another  tube  was  prepared,  with  the  usual 
mixture  of  analcite  and  ammonium  chloride.  This  was  covered  by  a 
loose  plug  of  glass  wool,  in  front  of  which  we  placed  enough  pure 
lime  to  liberate  about  double  the  normal  amount  of  ammonia.  The 
tube  was  then  sealed,  and  heated  to  350°,  as  in  the  previous  experi- 
ments. Upon  opening  the  tube,  a  strong  outrush  of  ammonia  was 
noticed;  but  in  the  leached  and  thoroughly  washed  residue,  only  7.52 
per  cent  of  ammonia  was  found.  This  quantity  agrees  with  that  from 
the  previous  samples,  and  shows  that  the  limit  of  the  reaction  has 
been  practically  reached.  One  molecule  of  ammonia  is  retained,  and 
no  more. 

Still  another  experiment  was  tried  upon  a  portion  of  the  residue 
marked  C.     If  the  compound  is  really  an  ammonium  salt,  it  should 
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be  decomposable  by  caustic  soda  in  such  a  way  as  to  reverse  the  reac- 
tion by  which  it  had  been  obtained.  The  substance,  however,  is  very 
insoluble,  so  that  the  reaction  takes  place  slowly.  To  phenol  phthal- 
ein  it  is  absolutely  neutral,  and  with  Nessler's  reagent  it  reacts  only 
aft^r  long  standing. 

To  settle  the  question  a  weighed  portion  of  the  compound  was  boiled 
in  a  distilling  flask  with  a  10  per  cent  solution  of  sodium  hydroxide, 
to  which  water  was  added  from  time  to  time.  The  distillate  was  col- 
lected in  a  tube  containing  aqueous  hydrochloric  acid;  and  the 
ammonia  which  passed  over  was  weighed,  ultimately  as  chloroplati- 
nat^.  By  four  hours'  Iwiling  6.90  per  cent  of  ammonium  was  driven 
off  and  determined;  and  the  residue  remaining  in  the  flask,  after 
washing  until  no  alkaline  reaction  could  be  detected  in  the  wash- 
water,  was  examined  for  soda,  of  which  10.41  per  cent  was  found. 
The  anticipated  reaction  had  taken  place,  although  not  completely; 
it  was  enough,  however,  to  confirm  our  opinion,  and  to  establish  the 
nature  of  the  new  compound  beyond  reasonable  doubt.  Other  con- 
firmation was  obtained  later,  from  the  study  of  leucit^. 

The  foregoing  paragraphs  now  enable  us  to  understand  a  phenome- 
non which  we  observed  in  our  work  with  the  open  crucible.  In  that 
case  a  partial  reaction  takes  place  between  the  analcit«  and  the 
ammonium  chloride,  producing,  as  in  the  sealed  tube,  a  mixture  of 
an  ammonium  alumino-silicate  with  sodium  chloride:  the  two  sub- 
stances being  separable  by  leaching.  But  if,  instead  of  leaching,  the 
mixture  be  heated  to  full  redness,  ammonium  chloride  is  re-formed 
and  given  off,  leaving  a  residue  which  contains  little  or  no  sodium 
chloride,  and  is  wholly  insoluble,  or  almost  so,  in  water.  That  is, 
the  reaction  which  occurs  at  350""  is  reversed  at  the  higher  temerature, 
and  anhydrous  analcit^,  or  an  isomer  of  it,  is  regenerated.  Ammo- 
nium and  sodium  again  change  places,  and  the  original  state  of  molec- 
ular equilibrium  is  restored. 

What,  now,  is  the  nature  of  the  product  obtained  in  the  open  cru- 
cible after  sodium  chloride  has  been  removed?  Is  it  a  definite  inter- 
mediate compound  or  an  indeterminate  mixture?  At  first  we  were 
inclined  to  accept  the  first  of  these  alternatives,  and  we  assigned  to 
the  substance  the  formula  Il2Na2Al4Si8024.NHg,  in  which  the  ammonia 
plays  a  part  equivalent  to  that  of  water.  In  this  expression  we  were 
influenced  by  the  researches  of  Friedel,^  who  had  shown  that  ammonia 
could  in  part  replace  the  "zeolitic"  water  of  analcite;  but  it  now 
appears  that  the  phenomenon  observed  by  him  is  quite  distinct  from 
that  discovered  by  us,  and  is,  indeed,  of  an  entirely  different  oi-der. 
We  may,  therefore,  in  accordance  with  our  new  data,  rearrange  the 
formula,  transforming  it  to  that  of  an  ammonium  salt,  HNa2NH4Al4 
Si8024,  the  agreement  with  the  analytical  figures  being  approximate 
only.     The  results  obtained  are  not  sharp  enough  for  certainty. 

This  product  we  are  now  inclined  to  regard  as  a  mixture,  although 
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it  is  not  strictly  intermediate  between  analcite  and  its  final  ammonium 
derivative.  Only  half  of  the  eliminated  sodium  has  been  replaced 
by  ammonium,  while  hydrogen,  or  water,  makes  up  the  deficiency. 
It  seems  probable  that  the  reaction  in  the  sealed  tube  and  that  in  the 
open  crucible  are  at  first  essentially  the  same,  but  that  in  the  latter 
case  secondary  reactions  follow,  which  cause  the  variations  in  the 
final  results.  In  the  seale<l  tube  the  element  of  pressure  comes  into 
play,  and  the  reaction  is  complete.  In  the  open  crucible  pressure  is 
lacking;  some  ammonia  escapes  fixation  and  reacts  upon  a  part  of  the 
sodium  chloride  which  was  at  first  formed ;  hence  the  composition  of 
the  leached  residue  is  essentially  modified.  This  residue  may  be  a 
definite  compound,  but  the  case  in  its  favor  is  unproved  and  the 
presumption  is  rather  against  it. 

The  most  remarkable  fact  developed  by  the  foregoing  experiments 
is  the  easy  replaceability  of  the  soda  in  analcite.  This  replaceability, 
however,  is  not  limited  to  the  substitution  of  ammonium  for  sodium; 
it  appears  to  extend  to  other  bases  as  well,  and  this  we  have  proved 
in  the  case  of  silver.  This  is  illustrated  by  three  experiments  upon 
the  Colorado  analcite,  as  follows: 

A.  Analcite.  intimately  mixed  with  dry  silver  nitrate,  was  heated  in  a  sealed 
tube  to  400°  for  four  hours. 

B.  Analcite  and  silver  nitrate  were  heated  in  a  sealed  tube  to  350^  for  four  hours. 

C.  Ammonium  analcite,  mixed  with  dry  silver  nitrate,  was  heated  in  a  sealed 
tube  to  350^  for  four  hours. 

All  the  products  of  these  heatings  wei*e  leached  with  water,  and 
washed  until  the  filtrates  gave  no  test  for  silver;  the  residues  were 
then  dried  on  the  water  bath.  The  product  in  each  case  was  a  white 
powder  not  differing  in  appearance  from  the  original  matenal. 

The  analyses  of  the  different  portions  are  given  below,  together  with 
the  composition  of  the  theoretical  compound,  AgAlSi^Og.IIjO,  which 
is  given  in  column  D. 


SiO,  ..-- 
A1,0,... 
Ag,0-,. 
Na,0-- 

H,0 

NH,  .  .. 
Nitrates. 


41.31 

16.44 

37.46 

.85 

4.29 


B. 


40.08 

16.29 

36.91 

.81 

5.86 


100.34 


99.95 


C. 


42.69 

18.22 

32.01 

.68 

6.08 


39.35 
16.72 
38.03 


5.90 


100.87 


I 


100.00 


From  preparation  A,  13.13  per  cent  of  the  soda  in  the  original  min- 
eral was  found  in  the  leach  water;  and  in  B,  12.57  per  cent.  These 
quantities  are  slightly  in  excess  of  the  amount  actually  present  in  the 
3>iialcite,  for  the  reason  that  a  little  other  material  which  passed  into 
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the  filtrates  was  not  separatiHl  from  the  soda.  It  Ls  enough  to  show 
that  a  true  silver  analcite  has  been  formed,  and  that  the  transforma- 
tion is  practically  complete.  A  similar  reaction  takes  place  between 
silver  nitrate  and  chabazite,  but  the  product  as  yet  has  not  been 
exhaustively  examined.  The  reaction,  it  will  be  observed,  is  analo- 
gous to  that  by  which  silver  ultramarine  is  produced,  and  it  suggests 
a  promising  line  of  experimentation  for  the  future. 

LEUCITE. 

Between  analcite  and  leucite  the  closest  analogies  have  long  been 
recognized.  The  two  minerals  have  similar  composition,  they  resemble 
each  other  in  (crystalline  form,  and  they  yield,  upon  alteration,  prod- 
ucts of  the  same  order.  Recently  also,  analcite,  like  leucite,  has  been 
identified  as  a  not  uncommon  constituent  of  volcanic  rocks;  analcite 
basalt  being  a  good  example.  In  view  of  these  resemblances  it  was 
plainly  desirable  to  compare  the  minerals  by  means  of  the  ammonium 
chloride  reaction,  a  task  which  has  been  performed  with  siitisfactory 
results. 

In  a  preliminary  experiment  a  sample  of  leucite?  taken  without 
regard  to  purity  was  heated  with  ammonium  chloride  to  350°  in  a 
sealed  tube.  Potassium  chloride  was  formed  corresponding  to  18.00 
per  cent  of  potash,  and  in  the  leached  residue  6.90  jyev  cent  of 
ammonia  was  found.  The  foreseen  reaction  had  occurred,  and  more 
careful  work  was  accordingly  undertaken. 

Our  material  consisted  of  a  large,  irregular  crystal  of  leucite  from 
Vesuvius,  which  yielded  about  20  grams  of  the  pure  mineral.  This 
was  ground  to  a  uniform  sample,  and  a  portion  of  it  was  analyzed; 
the  analysis  will  be  given  presently.  The  sealed-tube  experiments 
were  conducted  precisely  as  in  the  case  of  analcite,  and  they  confirmed 
both  the  preliminary  test  and  our  anticipations.  Chlorides  were 
formed  equivalent  to  18.53  per  cent  of  potash,  1.08  of  soda,  and  0.08 
of  alumina;  the  reaction,  therefore,  was  very  nearly  complete..  The 
leached  residue  was  then  analyzed,  and  the  data,  compared  with  the 
analysis  of  the  original  mineral,  were  as  follows: 


Leucito.       1 

Residue. 

SiO,             .   --       . 

AlA      -      

CaO               - 

- 55.40 

-    - ^ 23.69 

(                 .16  1 

60.63 
26.44 
tracp 

K,0 

.,, 19.54 

.50 

Na./)...       -   

1.25 

.25 

NHs - 

H,0 

.24 

7.35 
5.17 

100.28 

100.34 
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Leucite,  then,  gives  the  same  reaction  as  analcite  and  yields  the 
same  ammonium  compound.  A  closer  agreement  in  the  composition 
of  the  latter  could  not  reasonably  be  demanded.  Ammonium  leucito 
is  formed  in  both  cases  by  ordinary  double  decomposition  in  a  state 
of  approximate  purity;  the  first  silicate  of  ammonium,  we  think, 
which  has  ever  been  prepared. 

As  a  further  check  upon  the  results  so  far  obtained,  an  attempt  was 
made  to  transform  ammonium  leucite  into  the  corresponding  lime 
salt,  CaAl2Si40j2,  by  fusion  with  calcium  chloride.  The  ammonium 
leucite  was  mixed  with  a  saturated  solution  of  calcium  chloride,  which 
was  evaporated  to  dryness,  then  heated  gradually  to  dehydration,  and 
finally  fused.  Ammonium  chloride  was  given  off  and  identified. 
Upon  treating  the  fused  mass  with  water,  filtering  and  thoroughly 
washing  the  residue,  a  white  i)owder  was  obtained  which,  after  drying 
at  100°,  was  analyzed.  It  was  also  examined  microscopically  by  Mr. 
J.  S.  Diller,  who  found  it  to  consist  of  apparently  isotropic  grains, 
showing  traces  of  incipient  crystallization.  The  following  anal^'^sis  is 
contrasted  with  the  theoretical  composition  of  calcium  leucite,  from 
which  it  varies  considerably. 


SiOi 

A1,0, 

CaO -- 

K,0.-- 

Na,0 

CI 

Loss  on  ignition 


Pound. 


Calculated. 


54.35 

60.80 

26.23 

25.63 

17.38 

14.07 

.16 

.25 

.28 

1.24 

99.89 


100.00 


Evidently  the  desired  salt  was  not  definitely  obtained,  and  the 
product  appears  to  be  a  mixture.  The  reaction,  however,  t^nds  in 
the  right  direction,  and  deserves  further  study  under  other  condi- 
tions. Probably  the  water  which  was  present  in  the  mixture  of  sili- 
cate and  chloride  took  part  in  the  changes  produced,  although  of  this 
we  can  not  be  certain.  It  is  interesting  t.o  note  that  the  product 
obtained  approximates  in  composition  to  the  meteoric  mineral  mas- 
kelynite,  which  is  regarded  by  Groth  as  probably  equivalent  to  a 
calcium  leucite. 


THE  CONSTITUTION    OF  ANALCITE  AND   LEUCITE. 

In  all  of  the  earlier  attempts  to  discuss  the  constitution  of  analcite 
the  molecule  of  water  which  it  contains  has  been  a  chief  element  of 
uncertainty.     Should  it  be  regarded  as  representing  hydroxyl  or  as 
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water  of  crystallization?  That  question  arose  first  of  all.  Under  the 
first  interpretation  analeite  became  a  dioithosilicate:  AlNalljSijO-; 
under  the  latter  its  equivalency  with  leucite  appeared.  The  researches 
of  Friedel,  however,  have  settled  this  question  in  part,  and  whatever 
the  function  of  the  water  may  be  it  is  something  outside  of  the  true 
chemical  molecule;  for  all  the  water  can  be  expelled  from  analeite 
by  heat,  without  destruction  of  the  crystalline  nucleus,  the  anhydrous 
salt,  and  it  is  taken  up  again  upon  exposure  of  the  dehydrated  min- 
eral to  moist  air.  But  whatever  its  mode  of  union  may  ultimately 
prove  to  be,  the  amount  of  water  in  analeite  corresponds  to  the  simple 
molecular  ratio  which  is  shown  in  the  ordinary  formula  of  the  species. 
One  molecule  of  analeite  holds  a  certain  definite  number  of  water 
molecules,  and  Friedel's  observations  are  not  incompatible  with  the 
idea  that  these  are  retained  with  varying  degrees  of  tenacity.  This 
idea  is  suggested  by  the  various  series  of  fractionation  experiments 
which  have  been  made  from  time  to  time  by  independent  workers, 
even  though  the  data  are  not  by  any  means  concordant.  Tlius 
Lepierre"  found  that  half  the  water  of  analeite  was  driven  off  at  or 
below  300°,  the  other  half  above  440°.  In  our  own  experiments  three- 
fourths  were  expelled  at  300°,  the  remaining  fourth  being  held  up  to 
a  much  higher  but  undetermined  temperature.  In  both  series  tl^e 
water  fractions  are  represented  by  fourths,  but  Friedel's  experi- 
ments* indicate  a  continuity  of  loss  in  weight  of  a  quite  dissimilar 
order.  Friedel  holds  that  all  of  the  wat,er  fractionations  heretofore 
made  upon  analeite  are  fallacious,  and  that  no  definite  fractions  can 
be  identified — a  conclusion  strongly  supported  by  his  own  data,  even 
though  the  proof  is  not  absolutely  positive.  The  most  that  can  be 
said  is  that  the  weight  of  evidence  so  far  is  in  favor  of  Friedei's 
contention,  but  that  additional  investigation  is  necessary  in  order  to 
reconcile  all  discrepancies.  The  full  significance  of  the  water  in 
analeite  remains  unknown. 

Eliminating  the  water  from  analeite,  the  empirical  formula?  for 
both  analeite  and  leucite  appear  at  once  to  be  identical  in  form  and 
to  represent  salts  of  ordinary  metasilicic  acid.  Indeed,  both  minerals 
hav(»  been  commonly  regarded  as  metasilicates;  but  upon  this  point 
the  production  of  the  ammonium  derivatives  now  sheds  a  new  light. 
In  the  formation  of  the  latter  compounds  the  fixed  bases  of  the 
original  salts  have  been  replaced  by  a  volatile  base,  and  the  substances 
so  formed  split  up  upon  ignition  in  such  a  way  as  to  give  evidence 
regarding  their  constitution. 

For  example,  if  ammonium  leucite  is  a  true  metiisilicate,  a  salt  of 
the  acid  H.^SiO.^,  it  should  break  up,  when  ignited,  in  accordance 
with  the  following  equation: 

2NlI,Al(Si()3),=Al2(8i03),+L>XH3+II.()+8i02; 


"  BuU.  Soo.  chim.  France.  .M  seines.  Vol.  XV,  p.  561,  1886. 
bBuU.  Soc.  min.  Fi-anco,  Vol.  XIX.  p.  3BH.  1896. 
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that  is,  one-fourth  of  the  silica  ought  to  be  set  free,  measurable  by 
extraction  with  sodium  carbonate  solution.  No  such  splitting  off 
occurs,  however.  An  ammonium  leucite  which  already  contained  1.97 
per  cent  of  soluble  silica  gave  only  1.70  per  cent  after  ignition ;  hence 
no  additional  silica  had  been  liberated.  We  may  conclude,  therefore, 
that  analcite  and  leucite  are  not  true  metasilicates,  but  pseudo-com- 
pounds, either  salts  of  a  polymer  of  metasilicic  acid  or  mixtures  of 
ortho-  and  trisilicates  analogous  to  those  which  we  find  among  the 
plagioclase  feldspars  and  in  the  mica  group. 

In  order  to  discuss  the  constitution  of  analcite,  let  us  recur  to  our 
analysis  of  the  variety  from  Nova  Scotia.  It  is  at  once  evident  from 
the  comparison  made  on  a  preceding  page  that  our  sample  of  the 
mineral  varies  notably  in  composition  from  the  requirements  of 
theory.  The  silica  is  2^  per  cent  too  high,  while  alumina  and  soda 
are  correspondingly  low.  No  probable  impurity  and  no  presumable 
errors  of  manipulation  can  account  for  so  great  a  divergence.  If  we 
consult  other  analyses,  as  we  find  them  tabulated  in  manuals  like 
those  of  Dana  and  Hintze,  we  shall  find  other  cases  resembling  this, 
and  also  examples  of  variation  in  the  opposite  direction,  with  silica 
low  and  an  apparent  excess  of  bases.  Most  analcite  gives  quite 
sharply  the  metasilicate  ratios  required  by  the  accepted  formula; 
but  the  variations  from  it  are  large  enough,  common  enough,  and 
regular  enough  to  command  attention.  The  analyses  are  not  all 
covered  by  the  recognized  theory,  and  the  apparent  irregularities  are 
not  fortuitous,  but  are  systematic  in  character. 

One  explanation  of  the  seeming  anomalies  is  simple  and  clear.  If 
analcite,  instead  of  being  a  metasilicate,  is  really  a  mixture  of  ortho 
and  trisilicate,  then  all  of  the  analyses  become  intelligible.  In  most 
cases  the  two  salts  are  commingled  in  the  normal  ratio  of  1:1,  but  in 
our  analcite  the  trisilicate  predominates,  while  in  some  other  samples 
the  ortho-salt  is  in  excess.     All  reduce  alike  to  the  simple  expression 

NaAlX.IIaO, 

in  which  X  represents  nSiO^+mSigOg,  a  formula  which  agrees  with 
evidence  from  various  other  sources. 

For  example,  analcite  may  be  derived  in  nature  either  from  albite, 
AlNaSigOg,  or  nephelite,  AlNaSiO^,  and  on  the  other  hand  alterations 
of  it  into  feldspars  have  been  observed.  Its  closest  analogue,  leucite, 
has  yielded  pseudomorphs  of  orthoclase  and  elseolite,  while  leucite 
and  analcite  are  mutually  convertible  each  into  the  other.  The  evi- 
dence of  this  character — the  evidence  of  relationship  between  analcite 
and  other  species — is  varied  and  abundant,  and  the  simplest  conclusion 
to  be  drawn  from  it  is  that  which  has  been  given.  Every  alteration, 
every  derivation,  every  variation  in  the  composition  of  analcite  points 
to  the  same  belief.  The  consistency  of  the  data  can  not  well  be 
denied. 
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In  the  case  of  a  normal  analcite — that  is,  one  which  conforms  to  the 
usual  empirical  formula — the  expression  which  best  represents  these 
relations  is 

Al,Na4(Si04)2(Si303),.  4H2O; 
and   leucite  is  the  corresponding  potassium  salt,   but  anhydrous. 
Structurally  this  is  comparable  with  the  formulje  of  garnet,  zunyite, 
sodalite,  and  noselite,  all  of  which  are  isometric  in  crj^stallization. 
The  more  important  of  the  symbols  are  as  follows: 

Si04=Ca                 Si04=Na2                     Si04=Na, 
/        \ca             /        \a1-C1           /       ^Al-SO,-Na 
Al Si04=Ca      Al Si04=Na2  Al SiO,=Na^ 

.       \         \ 

SiO^-Al  SiO^^Al  Si04— Al 

Oamet.  Sodalite.  Noselite, 

Si04=K2          *  Si04=Xa2 

y        \Al-Si04  =  Al         y        ')Al-Si04^Al 
Al Si808=K2  Al Si3()s=Na2  +4H2O 


SigOa^Al-  SigOg-  AT 

Leucite.  Analcite. 

That  is,  analcite  and  leucite  become  members  of  the  garnet-sodalit/e 
group  of  minerals,  and  their  relations  to  nephelite,  albite,  etc.,  natural 
and  artificial,  are  perfectly  clear.  In  analcite  there  may  be  admix- 
tures of  strictly  analogous  ortho-  or  trisilicate  molecules;  but  these 
remain  to  be  separately  discovered.  The  ammonium  salt  correspond- 
ing to  such  a  mixture,  when  ignited,  might  be  expected  to  give  the 
following  reaction: 

Si04=Am2  SiOo 

X        NAl-SigOg-Al                      y       NAl-SigOg^Al; 
Al^^ Si04=Am2  -2Am30=Al SiOg 


SigOg-  Al  SigOg^Al 

a  reaction  which  is  in  harmony  with  our  experimental  I'esults.  In  it 
no  free  silica  appeal's;  and  many,  if  not  all,  conditions  of  the  problem 
are  satisfied.  One  difficulty,  however,  stands  in  the  way  of  an  unqual- 
ified acceptance  of  these  formulae.  Garnet,  scnlalite,  nephelite,  albite, 
etc.,  are  but  moderately  att^acked  by  ammonium  chloride,  and  so  far 
have  yielded  no  definite  ammonium  derivatives.  Whether  this  dif- 
ference in  behavior  is  constitutional  or  not  it  is  hardly  possible  to 
say,  but  it  must  be  taken  into  account  in  connection  with  all  of  the 
other  evidence.     We  must  remember,  moreover,  that  the  formulae 
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are  not  ultimate  verities  to  be  blindly  accepted.  They  are  simply 
expressions  which  represent  composition  and  a  wide  range  of  estab- 
lished relationshii)s,  and  which  serve  a  distinct  purpose  in  the  correla- 
tion of  our  knowledge.  Properly  used,  with  due  recognition  of  their 
limitations,  they  are  helpful,  and  suggest  possibilities  of  research; 
misused,  they  may  become  mischievous.  They  now  satisfy  most  of 
the  known  conditions,  and  that  is  a  sufficient  warrant  for  their 
existence. 

POLLUCITE. 

On  account  of  the  general  analogy  between  polluclte,  analcite,  and 
leucite,  the  first-named  species  of  the  three  seemed  to  deserve  some 
attention.  Through  the  kindness  of  Prof.  S.  L.  Penfield,  about  10 
grams  qf  very  pure  material  from  Hebron,  Me.,  was  put  at  our  dis- 
posal, and  three  analyses  of  it  by  Wells  were  already  on  record.^ 
The  average  of  these  analyses  is  as  follows: 

SiOj 48.58 

A1,0, 16.87 

CaO - 22 

Na,0.  1.81 

K,0 .- : 49 

LijO 04 

CsjO... 36.08 

H,0 1.52 

100.06 

Five  grams  of  the  finely  powdered  mineral  was  heated  in  a  sealed  tube 
with  four  times  its  weight  of  ammonium  chloride  to  350°  during  forty 
hours.  Upon  leaching  with  water  0.14  per  cent  of  CaO,  1.28  of 
NagO,  and  12.30  of  CsgO  were  extracted.  Probably  the  calcium 
chloride  formed  contained  some  potassium  chloride,  but  that  point 
was  ignored  as  irrelevant.  The  air-dried  residue  had  the  following 
composition : 

SiOj - 49.21 

AljOa •- : 18.32 

CaO - .  none 

C8,0{K,0) - 28.84 

Na^O . ! - none 

NH, /. 2.52 

H,0 - 1.91 

100.80 

The  high  summation  here  is  due  to  reckoning  some  KCl  as  CsCl. 
Of  the  silica  in  this  product  2.36  per  cent  was  soluble  in  the  standard 
solution  of  sodium  carbonate.  After  ignition,  4.13  per  cent  was 
soluble.     Some  silica,  therefore,  was  split  off  bv  heating. 

«Am.  Jou:.  Sc:.,  3d  scries.  Vol.  XLI,  p.  213, 1881. 
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I.)  ii  beoontl  experimeiil  one  ;;rain  of  pollueite  was  hea'.ed  with 
a?n.nouiii!u  ehlorido  for  five  hours,  the  other  eonditioiis  being  the 
same  as  l)efore.  Upon  leaching,  1 1.55  per  cent  of  CsoO  was  extracted, 
and  a  partial  analysis  of  the  air-dried  residue  gave  the  following  data: 

SiO, 47.87 

A1A-- - 17.85 

NH3 -. ---  2.83 

H,0.       - -   -  1.55 

Alkalies  (by  difference) 29. 90 

100.00 

'I'he  two  products  were  evidently  the  same,  and  onl}"  about  one- 
tliird  of  the  alkalies  in  the  pollueite  had  been  extracted.  So,  also, 
the  ammonia  taken  up  was  only  about  one-third  of  that  which  was 
retained  by  analcite  and  leueite.  The  transformation,  then,  is 
merely  partial,  and  further  experimentation  seems  to  be  unnecessary, 
at  least  for  present  purposes.  The  analogy  with  analcite  and  leueite 
is  far  from  perfect. 

NATROLITE. 

In  a  preliminary  experiment  upon  an  impure,  yellowish  natrolite 
from  Aussig  in  Bohemia,  we  found  that  this  species  was  x>cculiarly 
well  suited  to  reaction  with  ammonium  chloride.  By  heating  with 
the  reagent  in  a  sealed  tube  and  subsequent  leaching  with  water, 
17.50  per  cent  of  bases  was  extracted,  and  in  the  residue  8.29  per 
cent  of  ammonia  was  found.  Careful  work  upon  this  species  was 
therefore  desirable. 

The  material  available  for  our  experiments  came  from  the  well- 
known  locality  at  Bergen  Hill,  N.  J.,  and  consisted  of  a  mass  of 
slender  needles  densely  matted  together.  Part  of  the  uniform, 
ground  sample  was  analyzed,  with  fractional  determinations  of  the 
water,  and  part  was  used  for  the  sealed  tube  experiments,  precisely 
as  in  the  research  upon  analcite  and  leueite.  Three  of  these  experi- 
ments were  made,  and  in  each  case  the  natrolite  was  mixed  by  grind- 
ing in  an  agate  mortar  with  four  times  its  weight  of  dry  ammonium 
chloride,  after  which  it  was  heated  to  350°  in  the  sealed  tube.  Even 
during  the  grinding  a  slight  reaction  took  phice,  and  a  distinct  smell 
of  ammonia  was  given  off  b}^  the  mixture.  With  pectolite  the  same 
smell  was  perceived.  The  three  experiments  may  be  summarized  as 
follows : 

A.  Heated  eleven  hours.  Upon  leaching.  14.89  per  cent  of  soda  and  1.20  of 
lime  were  extracted.    In  the  residue  9.2($  per  cent  of  ammonia  was  found. 

B.  Heated  nine  hours.  Leach  not  examined.  9.26  of  ammonia  in  residue. 
The  complete  analysis  of  the  residue  is  given  farther  on. 

C.  Heated  three  hours,  14.09  per  cent  of  soda  and  0.20  of  lime  were  extracted. 
The  residue  contained  8.87  per  cent  of  ammonia.    In  this  instance  the  heating 
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was  relatively  brief,  in  order  to  learn  whether  its  duration  could  be  advanta- 
geously lessened.  The  reaction  was  evidently  less  complete  than  in  experiments 
A  and  B. 

In  the  subjoined  table  we  give  first  the  analysis  of  the  natrolite  itself, 
and  then  that  of  the  leached  residue  from  experiment  I>.  In  the  latter 
we  found  that  0.8()  per  cent  of  silica  was  soluble  in  sodium  carbonate 
solution,  and  that  soda  and  lime  remained  corresponding  to  4.01  per 
cent  of  the  original  mineral.  Deducting  these  impurities,  together  with 
the  0.42  per  cent  of  hygroscopic  water,  and  recalculating  to  100  per 
cent,  we  get  the  reduced  composition  of  the  residue.  In  the  last 
column  is  given  the  calculated  composition  of  an  anhydrous  ammonium- 
natrolite,  (NIl4)2Al2SigOio.  This  compound  has  evidently  l>een  formed 
to  an  extent  represented  by  over  94  per  cent  of  the  leached  natrolite 
residue.  The  agreement  betw^een  theory  and  even  the  unreduced 
analysis  is  practically  conclusive  on  this  point. 


Natrolite 
found. 


SiO, ,  46.68 

AljO, 26.04 

CaO _ 1.48 

K2O - none 

Na^O -_ 15.67 

NH3  --- ! -  - 

H^Oat  100^ .39 

H^O  above  100^ _.. -...|  10.18 

100.38 


Residue 
found. 


Residue 
reduced. 


vNH4).a:, 

Si  An  cal- 
culated. 


53.71           58.86 

29.94  '        30.52 

.34  1 

54.06 
30.43 

.37  1 

_ 

9.26             9.85             10.14 
1 
.42 

99.98 


100.00 


5. 37 
100.00 


The  fra,ctioTial  water  determinations  will  be  given  later,  in  connec- 
tion with  similar  data  for  scolecite  (p.  25). 

It  may  not  be  superfluous  to  note  that  the  water  given  in  the  last 
two  columns  of  the  foregoing  table  represents  the  difference  between 
ammonia  and  the  hypothetical  ammonium  oxide  which  has  replaced 
soda. 

Two  other  experiments  upon  natrolite  remain  to  be  noticed.  First, 
the  fresh  mineral  was  boiled  for  fifteen  minutes  with  a  25  per  cent 
sodium  carbonate  solution;  0.72  per  cent  of  silica  dissolved.  Similar 
treatment  of  ignited  natrolite  took  out  0.62  per  cent.  No  silica  is 
split  off  by  ignition.  Ammonium  natrolite  before  ignition  yielded 
0.85  per  cent  of  soluble  silica,  and  after  ignition  0.80  per  cent.  Here 
again  no  silica  had  been  split  off  from  the  molecule,  and  practically 
none  was  liberated  by  the  action  of  the  ammonium  chloride  upon  the 
natrolite.  A  simple,  direct  substitution  of  ammonium  for  sodium 
had  occurred. 
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Heated  with  ainmoiiium  chloride  in  an  open  crucible,  nalrolite  ^iv  es 
only  a  partial  reaction.  This  is  shown  by  the  earlier  experiments  of 
Schneider  and  Clarke  upon  natrolite  from  Magnet  Cove,  Arkansa-s, 
from  which,  by  a  triple  heatin<?  with  the  reagent,  only  IK 50  i>er  cent 
of  soda  was  extracted  out  of  a  total  of  15.40. 

SCOLECITE. 

On  account  of  the  well-recognize<l  analogy  between  natrolite  and 
scolecite,  the  latter  mineral  seemed  to  be  peculiarly  worthy  of  exami- 
nation. The  specimen  at  our  disposal  was  a  mass  of  stiOiit,  radiating 
needles,  which  was  collecti»d  by  one  of  us  at  Whale  Cove,  on  the  island 
of  Grand  Manan,  New  Brunswick.  Scolecite,  we  believe,  has  not. 
hitherto  been  recorded  from  this  locality,  and  on  this  account  alone 
the  material  deserved  attention. 

Three  sealed  tube  experiments  were  carried  out,  essentially  as  in 
the  case  of  natrolite,  as  follows : 

A.  Heated  ten  hours  at  350\  13.74  per  cent  of  lime  and  0.35  of  soda  were  taken 
out.    The  residne  contained  8.78  per  cent  of  ammonia. 

B.  Heated  ten  hours  at  370\  12.97  of  lime  and  0.22  of  s<>da  were  extracted. 
8.48  per  cent  of  ammonia  in  the  residue.  On  account  of  the  excessive  temperature 
of  this  experiment,  some  reversion  of  the  converted  material  had  taken  place. 

C.  Heated  five  hours  at  340°-350°.  Leach  not  studied.  8.91  i)er  cent  of  ammonia 
in  residue. 

Analyses  of  the  scolecite  and  of  residues  B  and  C  are  given  below. 
The  less  perfect  transformation  in  the  case  of  B  is  evident. 


I 


Scolecite. 


SiO^.. 

AlA 

CaO.. 
Na,0- 
NH,.. 


H,0  above  100" 


I 


45.86 

25.78 

13.92 

.41 


.40 
13.65 


100.02 


ResidaeB. 

Residne  C. 

53.39 

53.69 

30.51 

80.50 

.62 

.42 

undet. 

.29 

8.48 

8.91 

.74 

.12 

6.28 

6.52 

I 


100.02 


100.45 


The  product  of  the  reaction  is  plainly  the  same  as  that  obtained 
from  natrolite,  and  the  identity  in  type  of  the  two  species  is  jierfeetly 
clear.  This  fact  is  further  emphasized  by  an  experiment  upon  th^^ 
solubility  of  silica.  The  fresh  scolecite  gave  up  0.36  per  cent  of  silica 
to  sodium  carbonate  solution,  and  the  ignited  mineral  yielde<l  only 
0.50  per  cent.     Again,  natrolite  and  scolecite  behave  in  the  same  way. 

Upon  both  minerals  fractional  determinations  of  the  water  were 
made,  and  the  amount  lost  at  each  temperature  was  noted.     The 
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results,  expressed  in  percentages  of  the  original  minerals,  were  as 
follows: 


Temperature. 


100^ 

180° 

250° 

350° 

Incipient  redness 

Pnll  redness 

Over  blast 


Water  lost. 


NatroUte. 

Soolecite. 

0.39 

0.40 

.40 

.52 

.37 

4.76 

8.51 

.55 

.72 

7.72 

.12 

.04 

.06 

.06 

10.57 

14.05 

Soolecite  contains  one  more  molecule  of  water  than  natrolite,  and 
that  amount,  one-third  of  its  total,  seeuLS  to  go  off  at  a  lower  temper- 
ature than  the  other  two  molecules.  Otherwise  the  two  series  of  ex- 
periments are  probably  not  far  apart,  and  they  indicate  that  the  water 
is  in  neither  case  constitutional.  ,  The  same  conclusion  is  suggested 
by  the  existence  of  the  anhydrous  ammonium  compound,  the  three 
formulse  being  as  follows: 

Scolecite CaAl^ijO,o.  3H,0 

Natrolite Na,Al,SisO,o.  2H,0 

Ammommn  natrolite (NH4),Al^ijO,o 

The  parallelism  is  complete;  and  all  three  comi)ounds  are  evidently 
salts  of  an  acid,  HgSijOjo,  which  is  probably  orthotrisilicic  acid, 
Si302(OH)8.  The  relations  of  this  acid  to  its  anhydrides  will  be  con- 
sidered later. 

PREHNITE. 

In  a  former  bulletin  upon  the  constitution  of  the  silicates, "  one  of 
us  attempted  to  show  that  natrolite,  scolecite,  and  prehnite  were 
similar  in  chemical  structure,  provided  that  all  or  part  of  their  water 
was  regarded  as  constitutional.  The  formulae  then  assigned  were  as 
follows: 

Scolecite Al,(Si04),CaH4.  H^O 

Natrolite , Al,(Si04)8Na,H4 

Prehnite Al,(8i04)sCa,H, 

Two  of  these  formulae  must  now  be  abandoned,  because  of  the  exper- 
imental evidence  which  we  have  obtained,  but  the  prehnite  remains 
to  be  considered. 

a  Clarke.  P.  W.»  BuU.  U.  8.  Geol.  Survey  No.  125,  p.  45,1886. 


Digitized  by 


Google 


26  ACTION    OF    AMMONIUM   CHLORIDE    ON    SILICATES.       [bvll.  207. 

Tlie  material  chosen  for  examination  was  an  old  specimen  of  preh- 
nite  from  Paterson,  N.  J.  The  analysis  of  it,  with  fractional  water 
det€*rmi nations,  is  pven  below: 

SiO, --   42.31 

Al^Oj. 19.95 

Fe^Os.    .     - --  6.20 

FeO -  - none 

CaO..     ._ 26.63 

H,0 5.02 

100.11 
Fractional  water, 

AtlOO 0.21 

At  ISO 18 

At  250   - - 10 

At  350    11 

Incipient  red  heat .28 

Full  red  heat 4.05 

Over  blast ..       .09 

5.02 

With  s(Klium  carbonate  sulution,  0.38  per  cent  of  silica  was  ex- 
tracted from  the  fresh  mineral.  From  the  ignited  prehnite,  1.22  per 
cent  was  taken  out.  Very  little  silica,  therefore,  is  liberated  by  ignition. 

Two  determinations  were  made  of  the  action  of  ammonium  chloride, 
as  follows: 

A.  Heated  eight  hours.  On  leaching  with  water,  1.31  per  cent  of  lime  and  0.17 
of  alumina  dissolved. 

B.  Heated  twelve  hours.  1 .41  i>er  cent  of  lime  was  extracted,  and  in  the  washed 
re.sidue  0.22  i^er  cent  of  ammonia  was  found. 

Prehnite,  therefore,  differs  widely  from  natrolite  and  scolecite  in 
its  l)ehavior  with  ammonium  chloride.  Very  little  action  takes  place, 
even  upon  long  heating  to  350°  in  a  sealed  tube,  and  practically  no 
ammonia  is  al)sorlM»d.  The  water  is  more  firmly  held  than  was  the 
case  with  the  other  two  minerals,  and  is  almost  certainly  to  be  regaitled 
as  constitutional.  The  orthosilicate  formula  for  prehnite  is  unaf- 
fected by  these  results,  and  may  stand  as  fairly  probable.  Prehnite 
can  not  l)e  correlated  with  natrolite  and  scolecite  on  any  basis  of 
similar  chemical  structure. 


THE  TRISILICIC  ACIDS. 

We  have  already  shown  that  natrolite  and  scolecite  are  probably 
salts  of  an  orthotrisilicic  acid,  HgSaOio,  an  acid  which  is  not  particu- 
larly well  known.  As  it  has  ii\teresting  relations  to  other  compounds, 
some  discussion  of  its  constitution  and  its  derivatives  may  not  be  out 
of  place  here. 

The  general  theory  of  the  silicic  acids  is  extremely  simple.  Silicon 
being  a  quadrivalent  element,  its  normal  acid,  the  orthosilicic,  is 
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Si(0H)4.     From  this,  by  successively  eliminating   two  molecules  of 
water,  two  anhydrides  may  be  derived,  thus: 

Orthosilicic  acid .-. Si(OH)4 

First  anhydride,  metasilicic  acid O    Si     (OH)^ 

Second  anhydride,  silicon  dioxide 0~  Si  ^O 

These  acids,  containing  one  atom  of  silicon  each,  may  be  called  the 
nionosilicic  acids,  and  some  of  their  salts  are  perfectly  well  known. 
Olivine  and  anorthite,  for  instance,  are  orthosilicates,  Avhile  the  true 
metasilicates  are  represented  by  talc  and  pectolite.  The  evidence  in 
the  case  of  the  last-named  mineral  will  be  presented  later. 

When  two  molecules  of  orthosilicic  acid  coalesce,  with  elimination 
of  water,  an  orthodisilicic  acid  is  formed,  and  this  is  the  first  member 
of  another  series,  as  follows: 

SL— (0H)8  Si^(OH),  0=Si-OH 

O  O  O 


Si~(0H)8  0=Si-OH  0=Si-OH 

Orthodisilicic  add,  Metadisilicic  acid,  Pyrosilidc  acid. 

To  the  first  and  third  of  these  acids  various  minerals  correspond. 
The  second  acid,  however,  is  a  polymer  of  metasilicic  acid,  but  differs 
from  the  latter  in  its  possible  derivatives.  When  an  acid  metasilicate 
is  heated  silica  is  set  free,  but  in  the  case  of  a  metadisilicate  this 
would  not  necessarily  occur.  Possibly  leucite  and  analcite  may  be 
metadisilicates,  although  the  evidence  so  far  presented  does  not  sup- 
port this  view.  The  possibility,  however,  we  are  compelled  to  recog- 
nize as  one  which  might  ultimately  be  verified. 

With  the  coalescence  of  three  orthosilicic  molecules  a  series  of  trisi- 
licic  acids  begins,  and  one  of  these  forms  salts — the  feldspars — which 
are  the  most  abundant  compounds  existing  in  the  mineral  kingdom. 
The  acids  of  the  series  are  these: 

Si=(OH)s  Si=(OH),  Si=(OH),  0=Si-OH 


Si=:(OH),  Si=0  Si=0  Si=0 


Si=(OH)s  Si=(OH)g  0=S1-0H  0=Si-OH 

Orthotrimlicic  add,     Metatridlidc  add,      TrisUidc  add.     Third  anhydride. 
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The  third  anhydride  represcMits  an  acid  to  which  no  known  salts 
corre8i>ond.  One  step  further  and  we  have  a  fourth  anhydride,  Si^O^, 
or  empirically  SiOj,  which  may  or  may  not  be  the  true  formula  of 
quartz.  Quartz  is  undoubtedly  a  polymer  of  SiOj;  its  most  fre<iuent 
associates  are  trisilicates — the  feldspars — and  hence  the  formula  Si-()g 
has  a  certain  degree  of  plausibility.  This  suggestion,  however,  is 
purely  si>eculative  and  has  no  definite  scientific  value.  Its  validity 
would  be  most  difficult  to  establish. 

From  the  firat  of  these  trisilicic  acids  natrolite  and  scolecite  appear 
to  be  derived.  If  we  ignore  the  "zeolitic  water,"  which  is  not  a  part 
of  the  essential  silicate  molecule,  the  two  compounds  may  be  formu- 
lated thus: 


Si-Og-Al 


i 


Si=08-Al 


i 


Si  =  0,=Na, 


O 

Si-£0,  -Al 
Natrolite. 


Si  — 0,  =  Ca 


SinrOj^Al 
Scolecite. 


So  far,  no  other  salts  of  this  acid  have  been  clearly  identified. 

The  second  acid  of  the  series,  like  the  second  of  the  disilicic  acids, 
is  a  polymer  of  the  oi-dinary  metasilicic  compound.  It  is  well  under- 
stood that  many  so-called  metasilicates  are  not  representatives  of  the 
simple  acid  HjSiOa;  some  of  them  are  mixtures  of  orthosilicates  witli 
salts  of  the  third  acid  in  this  group,  II4  SigOg;  others  may  be  derived 
from  polymere  like  that  which  is  now  under  consideration.  For 
example,  anhydrous  analcite  and  jadeite  are  both  represented  by  the 
empirical  formula  NaAlSijOg,  but  they  differ  widely  in  density,  in 
solubility,  and  doubtless  also  in  crystalline  form.  One  molecule, 
then,  is  much  more  condensed  than  the  other.  If  analcite  should 
prove  to  be  a  metadisilicate,  then  jadeite  may  be  its  equivalent  in  the 
trisilicic  series,  or  it  may  belong  with  some  still  higher  polj^mer.  The 
possibilities  are  many,  but  to  establish  any  one  of  them  by  proof 
would  demand  more  evidence  than  is  yet  in  our  possession. 

The  third  member  of  the  trisilicic  series  is  the  most  important  of 
all,  for  among  its  salts  are  the  two  feldspars,  albite  and  orthoclase, 
which  together  make  up  fully  one-half  of  the  solid  crust  of  the  earth. 
It  is  also  noteworthy  from  the  fact  that  its  formula  can  be  so  written 
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as  to  represent  two  isomeric  forms,  to  which  distinct  salts  probably 
correspond.     The  two  formulae  are  as  follows: 

Si-^(OH)5  0--Si— OH 


I 
i 


i 


i=0  and  Si -(OH), 


O 


0=Si— OH  0=-Si  — OH; 

and  their  significance  is  clear  when  we  remember  that  the  ordinary 
trisilicates  are  commonly  dimorphous.  Thus  we  have  orthoclase  and 
soda  orthoclase,  monoclinic;  and  albite  and  microcline  triclinic;  one 
pair  perhaps  belonging  to  one  isomer,  the  other  to  the  other.  The 
rare  minerals  eudidymite  and  epididymite,  which  are  also  isomeric 
trisilicates,  further  illustrate  the  same  conception;  but  we  can  not  as 
yet  assign  either  compound  distinctly  to  either  formula. 

By  an  extension  of  the  pix>cess  herein  developed,  which  is  by  no 
means  new,  higher  polysilicic  series  may  be  formulated.  Since,  how- 
4»ver,  such  acids  correspond  to  no  definitely  known  salts,  to  write  their 
formulae  would  be  a  useless  ex^tcise  of  the  imagination.  Beyond  the 
trisilicic  acids  we  enter  the  region  of  the  unknown. 

STILBITE. 

The  specimen  selected  for  study  was  a  nearly  white,  typical  exam- 
ple from  Wassons  Bluff,  Nova  Scotia.  The  analysis  and  the  fractional 
water  determinations  were  as  follows: 

SiO, 55.41 

AlA 16.*85 

Fe,0, 18 

MgO - 05 

CaO 7.78 

Na,0.- 1.28 

HjO 19.01 

100. 51 
Fractional  tnater. 

At  100" ;..      3.  CO 

AtlSO'^- - 6.46 

At  250° - 3.80 

At  350" 2.10 

Low  redness 2. 95 

Fnll  redness 06 

Over  blast. .04 

19.01 
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On  boiling  with  sodium  carbonate,  1.37  per  cent  of  silica  went  into 
solution.  After  ignition,  only  1.03  [)er  cent  was  obtained.  No  silica, 
therefore,  is  split  off  when  stilbite  is  ignited.  If  the  mineral  were  a 
hydrous  acid  metasilicate,  H4CaAl2Si^O,8.4Il20,  as  has  been  assumed 
by  some  authorities,  one-third  of  the  silica  should  have  been  set  free. 
Hence  the  metasilicate  formula  is  to  be  regarded  as  unsatisfactory. 
The  evidence  here  presented  counts  for  something  against  it. 

Two  samples  of  the  ammonium  chloride  derivative  were  prepared. 
In  leaching  with  water  the  insoluble  residue  was  washed  until  the  wash- 
ings gave  no  reaction  for  chlorine.  The  chlorine  shown  in  the  sub- 
joined analyses  is,  therefore,  present  in  an  insoluble  form  and  not  as 
adhering  ammonium  chloride.  Dried  at  50°  the  two  products  gave 
the  following  composition : 


SiO,.. 
AI2O3- 
CaC- 
Na,0. 
NH3.. 
H.,0-. 


A. 


Less  O. 


60.80 

\s.m 

1.86 

.08 

5.12 

12.96 

1.31 


60.67 
18.25 

1.46 
.15 

5.13 
13.91 

\M 


100.49 
.29 


100.20 


100.61 


100. ;» 


Sample  B  was  further  ex^amined  as  to  the  presence  of  soluble  silica, 
and  1.52  i)er  cent  was  found.  After  ignition,  only  1.02  per  cent  went 
into  solution.  These  results  conform  to  those  obtained  with  the  orig- 
inal stilbite,  and  tend  to  show  that  the  ammonium  derivative  is  a  com- 
pound of  the  same  order.  In  the  case  of  the  unignited  substance  the 
residue  remaining  after  the  removal  of  soluble  silica  wa.s  thoroughly 
washed,  and  then  examined  for  alkali.  It  was  found  to  contain  9.30 
per  cent  of  soda,  which  shows  that  the  ammonium  salt  had  been  trans- 
formed back  into  the  corresponding  sodium  compound. 

From  the  foregoing  facts  it  is  clear  that  stilbite,  like  the  zeolites 
previously  studied,  is  converted  by  the  action  of  ammonium  chloride 
into  an  ammonium  salt.  That  is,  sodium  and  calcium  are  removed 
as  chlorides,  ammonium  taking  their  place  to  form  ammonium  stilbite. 
The  reaction,  however,  is  less  complete  than  it  was  in  the  cas?s  of 
analcite  and  natrolite,  but  whether  this  is  due  to  a  greater  stability  of 
the  stilbite  molecule  or  only  to  a  ditferent  degree  of  fineness  in  the 
powder  u[)on  which  the  operations  were  performed,  we  can  not  say. 
Neither  have  we  any  explanation  to  offer  of  the  retention  of  chlorine 
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by  the  ammonium  derivative.  Although  tlie  amount  of  chlorine  is 
small,  it  needs  to  be  accounted  for. 

If  we  discuss  the  composition  of  the  stilbite  and  of  its  ammonium 
derivative,  the  relations  between  them  become  very  clear.  Neglect- 
ing the  water  as  ''zeolitic,"  to  use  Friedel's  phrase,  and,  therefore, 
as  not  a  part  of  the  chemical  molecule,  and  also  rejecting  the  1.37  per 
cent  of  soluble  silica  as  probably  an  impurity,  the  ratios  derived  from 
the  analysis  give  this  empirical  formula  for  the  mineral: 

Na4QCai4QAl332Sl9n|(  )2460' 

This  corresponds  to  a  mixture  of  ortho-  and  trisilicates  in  which 
SigOg:  8104::  286:43;  and  uniting  these  radicles  under  the  indiscrimi- 
nate symbol  X,  we  have,  as  a  more  general  expression, 

Ts  a4oCa,4oAl332X32(5 ; 
or  combining  monoxide  bases, 

which  is  essentially  R"Al2X2.  Since  tlie  Si04  groups  are  practically 
equal  in  numl>er  to  the  sodium  atoms,  the  stilbite  is  probably  a  mix- 
ture, very  nearly,  of  NaAlSiOj  and  CaAl2(Si3()H)2  in  the  ratio  of  1 :  7 
This  is  in  accordance  with  the  well-known  theory  of  Fresenius  as  to  the 
constitution  of  the  phillipsite  group,  to  which  stilbite  belongs.  Stilbite 
is  mainly  a  hydrous  calcium  albite,  commingled  with  varying  amounts 
of  corresponding  orthosilicates  of  soda  and  lime. 

For  the  ammonium  derivative  similar  relations  hold.  Taking  analy- 
sis "B"  for  discussion,  rejecting  soluble  silica  and  chlorine  as  impu- 
rities, and  neglecting  all  water  except  that  which  belongs  to  the  sup- 
posable  ammonium  oxide,  the  ratios  give  this  formula: 

Uniting  sodium  and  calcium  with  ammonium,  this  becomes 

1^357  Al358(Si3(>s)3,4(^Si04)43; 

or,  more  g(»neralh', 

R'35;Al35sX357,=  1:1:1. 
The  derivative,  therefoi-e,  is  a  compoiind  of  the  same  order  as  the 
original  stilbite,  with  the  ratio  of  1:  7  still  holding  between  the  ortho 
and  trisilicate  groups.  This  conclusion,  however,  ignores  the  pres- 
ence of  chlorine,  and  is,  therefore,  inexact  to  some  extent.  We  are 
not  dealing  with  ideally  pure  compounds. 

HEULANDITE. 

Pure,  white  heulandite  from  Berufiord,  Iceland,  was  the  material 
taken  for  investigation.  Upon  boiling  with  sodium  carbonate,  1.73 
per  cent  of  silica  went  into  solution.  From  previously  ignited  heu- 
landite, only  1.14  per  cent  was  extracted.  No  silica,  therefore,  was 
liberated  upon  ignition,  and  a  hydrous  metasilicate  formula  for  the 
mineral  seems  to  be  implobable.     Only  o:ie  lot  of  the  ammonium 
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chloride  derivative  was  prepared,  and  its  composition,  logetlier  with 
that  of  the  heulandite,  is  given  below. 


SiO, 

AUOs 

3IgO 

CaO 

SrO 

Na,0 

K,0.. 

NH, 

H^Oat  100    ,.. 
H,0  ahove  100" 


100. 4o 


Ilei'e,  again,  we  have  the  same  kind  of  transformation  as  before, 
but  rather  less  complete  than  in  the  case  of  stilbit^.  That  the  ammo- 
nium taken  up  is  equivalent  to  the  bases  removed  is  shown  by  a  study 
of  the  ratios.  Ignoring  water  and  the  soluble  silica,  the  heulandite 
ratios  are  as  follows: 

or,  uniting  bases, 

R  154^1330(81303)300(8104)24. 

Again  simplifying,  this  l>ecomes 

^    154-^*880^3845 

or  verj'  nearly  1 :  2 : 2,  as  in  stilbite. 

Similarly  discusvsed,  the  ammonium  salt  gives  the  ratios 

R  270^  *46-^W8li021^2746> 

equivalent  to 

R  362'^*S52-^B58»   ^^  1:1:1. 

In  both  cases  the  orthosilicate  molecules  are  few,  and  the  com- 
pounds approximate  to  trisilicates  verj'  closel3\ 

CHABAZITE. 

Characteristic  flesh-colored  crystals  from  Wassons  Bluff,  Nova 
Scotia.     The  analysis  and  fractional  water  determinations  are — 

SiO, - 50.78 

A1,0, 17.18 

FejOj .40 

MgO-- 04 

CaO - 7.84 

NajO 1.28 

K,0 73 

H,0 21. S5 

100.10 
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Fractional  water. 

At  100'' 5.22 

At  180° 5.70 

At  250" - 3.92 

At350° -.   .  2.86 

Low  redness 4. 51 

Foil  redness .18 

Over  blast .- .01 

21.85 

The  unignited  mineral,  upon  boiling  with  sodium  carbonate,  gave 
0.86  per  cent  of  soluble  silica.  After  igrnition  only  0.53  per  cent  was 
soluble.  Here  again  no  silica  is  liberated  by  calcination,  and  metasili- 
cate  formulae  may  be  disregarded. 

Two  samples  of  the  ammonium  chloride  derivative  were  prepared, 
which  after  thorough  washing  were  dried  at  40°  to  50®.  As  in  the 
case  of  stilbite,  small  quantities  of  chlorine  appear  in  the  compound, 
not  removable  by  washing.  The  amount  of  change  effected  is  also 
somewhat  less  than  with  stilbite,  and  about  the  same  as  with  heuland- 
ite.  The  analyses  of  the  two  samples  are  subjoined,  with  the  remain- 
ing alkali  all  reckoned  as  soda: 


SiO, 

A1,0, 

CaO 

Na,0(K,0) 

NH, 

H,0 

CI 

Less  O 


In  B,  1.50  per  cent  of  soluble  silica  was  found.  After  ignition  this 
was  reduced  to  1. 12  per  cent.  No  liberation  of  silica  accompanies  the 
splitting  off  of  water  and  ammonia. 

Upon  studying  the  molecular  ratios  for  chabazite  and  its  derivative, 
relations  appear  precisely  like  those  found  for  stilbite  and  heulandite. 
For  chabazite  itself,  rejecting  water  and  the  0.8G  per  cent  of  soluble 
sUica,  we  have 

R  58Cai4iAl34oSl88202844> 

or,  consolidating  soda  with  lime, 

CanoAl3,o(Si308)24e(Si04)w. 


A. 

B. 

55.88 

56.09 

19.15 

19.49 

2.25 

2.01 

.35 

.24 

4.64 

4.83 

16.57 

16.01 

.95 

1.35 

99.79 

100.02 

.21 

.30 

99.58 

99.72 
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One  step  further  and  this  l)ecomo8 

Ca,7oAl34oX34y=  1 :  L :  2. 
Treating  derivative  *'B"  in  the  same  way,  and  ignoring  chlorine  as 
an  unexplained  impurity,  the  analysis  gives 

(NH,)2^NasCa3,Al3«2(Si30«)2«(SiO,)„2; 
or,  consolidatiiig  bases  as  before, 

^'362^1382X378= 1  •  1  •  1  nearly. 
The  assumption  of  commingled  ortho-  and  trisilicate  molecules  con- 
forms to  Streng's  theory  of  the  constitution  of  chabazite. 

THOMSONITE. 


The  compact-fibrous  variety  from  Table  Mountain,  near  Golden, 
Colo.     Analytical  data  as  follows: 

SiO, ^  41.13 

Al,Os 29.58 

CaO .  11.25 

Na,0 5.31 

H,0 13.13 


Fractional  icater. 


100.40 


AtlOO^ 1.01 


- 1.44 

-    - 1-05 

.- 3.90 

Low  redness.- 5.65 

Over  blast 08 


At  180^ . 
At250^ 
At  350°. 


13.13 


Before  ignition  the  mineral  yielded  0.45  per  cent  of  silica  to  sodium 
carbonate  solution.  After  ignition  0.68  per  cent  was  soluble.  The 
difference  is  trifling. 

Two  samples  of  the  ammonium  chloride  derivative  were  prepared. 
In  A  the  heating  was  only  to  300°,  in  B  to  350°.  Analyses  of  the 
leached  products  gave  the  following  results: 


SiO, 
AlA 
CaO  . 
Na,0 
NH,  . 
H,0  . 


A. 

B. 

42.41 
30.50 
10.00 
2.63 
2.45 
11.96 

42.65 
31.34 

2.4» 

2.67 

11.81 

99.95 


100. IH 
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In  A,  1.80  per  cent  of  soluble  silica  was  found. 

In  this  ease  the  amount  of  change  is  very  much  less  than  with  the 
zeolites  previously  examined.  Little  lime  was  removed,  and  only 
about  half  of  the  soda.  Both  samples  were  prepared  with  six  hours 
of  heating  in  the  sealed  tube,  and  it  seemed  to  be  desirable  to  deter- 
mine whether  a  more  prolonged  treatment  would  produce  any  greater 
effect.  Accordingly  a  third  lot  of  thomsonite  was  mixed  with  ammo- 
nium chloride  and  heated  in  a  sealed  tube  to  350°  for  twenty-four 
hours.  The  leached  product  contained  3.40  per  cent  of  ammonia,  a 
distinct  increase  over  the  other  findings,  although  the  amount  of  trans- 
formation into  an  ammonium  salt  was  still  only  moderate. 

We  have  already  seen  that  stilbite,  heulandite,  and  chabazite 
approximate  more  or  less  nearly  to  trisilicates  in  their  composition. 
Thomsonite,  however,  is  essentially  an  orthosilicate,  with  variable 
admixtures  of  trisilicate  molecules.  In  the  example  under  considera- 
tion, ignoring  water  and  soluble  silica,  the  molecular  ratios  give  this 
formula: 

Nai7aCaao,Al58o(Si808)5o(Si04)528; 
or,  condensing. 

Hero  the  acid  radicles  are  ten-elevenths  orthosilicate.  Ammonium 
derivative  A,  similarly  computed,  gives  first — 

(NIl4)i44Na^Cai78Al6g8(Si308)4i(Si04)554; 

or,  uniting  univalent  bases  with  lime, 

^    292-^1598^595  =  ^   :  2  I  2  *, 

the  fundamental  ratios  being  practicfiUy  unchanged. 

It  will  be  observed  that  in  all  of  these  computations  of  formula?  we 
have  assumed  that  all  the  water  is  **zeolitic;"  that  is,  independent 
of  the  true  chemical  moleeules.  This  question,  however,  needs  to  be 
separately  investigated  for  each  individual  species.  While  the 
assumption  is  valid  for  some  of  these  minerals,  it  is  not  necessarily 
valid  for  all.  The  real  chemiciil  differences  between  the  zeolites  are 
yet  to  be  determined;  our  work  merely  proves  that  ammonium  com- 
pounds are  formed,  completely  in  some  cases,  partially  in  others. 
The  research  should  be  extended  to  cover  all  the  zeolites;  but  this 
task  we  must  leave  to  other  investigators. 

LAUMONTITE. 

Upon  this  s|)ecies  only  one  rather  crude  experiment  has  been  tried, 
and  that  upon  material  of  unknown  origin.  The  mineral  was  heated 
with  ammonium  chloride  in  a  sealed  tube  as  usual,  and  then  leached 
with  water.  4.51  per  cent  of  lime  and  0.35  of  soda  were  extracted, 
and  in  the  residue  3.95  per  cent  of  ammonia  was  found.  Laumontite, 
therefore,  behaves  much  like  the  other  zeolites,  and  is  only  partially 
transformed  into  an  ammonium  compound. 
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PECTOLTTE. 

The  pectolite  which  was  chosen  for  examination  was  the  well-known 
radiated  variety  from  Bergen  Hill,  N.  J.  The  mineral  was  in  long 
white  needles,  and  apparently  quite  pnre,  but  the  analysis  shows 
that  it  contained  some  carbonate  as  an  impurity.  Enough  of  the 
material  was  ground  up  to  furnish  a  uniform  sample  for  the  entire 
series  of  experiments,  and  the  work  properly  began  with  a  complete 
analysis.     The  results  obtained  are  as  follows: 

SiO,... 53.34 

AljOs 33 

CaO 33.23 

MnO    45 

Na,0 9.11 

H,0 2.97 

CO, 67 

100.10 
Fractional  water. 

At  105 0.27 

At  180 16 

At  800" 22 

At  redness 2. 32 

2.97 
All  of  the  water  was  given  oflf  at  a  barely  visible  red  heat,  and  the 
figures  show  that  practically  all  of  it  is  constitutional — a  fact  which 
perhaps  hardly  needed  reverification.    The  analysis  gives  the  accepted 
formula  for  pectolite, 

HNaCajSigOg. 
Does  this  represent,  as  is  commonly  assumed,  a  true  metasilicate? 
If  it  does,  we  should  expect  that  ignition  would  split  off  silica  pro- 
portional to  the  acid  hydrogen,  or  one-sixth  of  the  total  amount.  To 
answer  this  question  several  portions  of  the  pectolite  were  sharply 
ignited,  to  complete  dehydration,  and  then  boiled  each  for  fifteen 
minutes  with  a  solution  of  sodium  carbonate  containing  250  grams  to 
the  liter.  In  the  extract  so  obtained  the  silica  was  determined,  and 
the  three  experiments  gave  the  following  percentages: 

8.96 
8.67 

8.42 

Mean,  8.68 

One-sixth  of  the  total  silica  is  8.89  per  cent,  and  the  experimentis 
therefore,  justify  the  original  expectation.  The  belief  that  pectolite 
is  a  metasilicate  is  effectively  confirmed. 

Upon  the  unignited  pectolit-e  the  sodium  carbonate  solution  has  a 
slow  decomposing  action,  both  silica  and  bases  being  withdrawn*  In 
two  experiments  fifteen  minutes  of  boiling  extracted  2.07  and  2.55 
per  cent  of  silica,  and  by  a  treatment  lasting  four  days  4.80  per  cent 
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was  taken  out.  With  water  alone  similar  results  were  obtained,  the 
action  being  so  rapid,  although  relatively  slight,  that  pectolite, 
moistened,  gives  an  immediate  and  deep  coloration  with  phenol 
phthalein.  By  boiling  the  powdered  pectolite  with  distilled  water 
alone,  1.65  per  cent  of  silica  was  brought  into  solution,  and  the 
ignited  mineral,  similarly  treated  for  fifteen  minutes,  gave  1.78  per 
cent.  The  extraction  in  these  cases  is  really  an  extraction  of  alkaline 
silicate,  as  the  two  following  experiments  prove.  In  A  the  unignited 
pectolite  was  boiled  for  fourteen  hours  with  distilled  water,  and  in 
B  the  mineral  after  ignition  was  subjected  to  like  treatment  for  four 
hours.  The  dissolved  matter  in  each  case  was  determined,  with  the 
subjoined  results: 


Extracted. 

A. 

B. 

SiO, 

2.98 
.30 

.81 

4.09 

3.03 

CaO 

.10 

Na^O 

1.50 

4.63 

In  A  no  simple  ratio  appears,  but  in  B  the  extracted  silicate  approxi- 
mates very  nearly  to  the  salt  NagSigOs.  In  each  instance  the  ratios 
var}''  widely  from  those  of  the  original  mineral,  showing  that  actual 
decomposition  and  not  a  solution  of  the  pectolite,  as  such,  has  occurred. 

Schneider  and  Clarke,"  in  their  first  experiments  upon  the  ammo- 
nium chloride  reaction,  treated  pectolite  from  Bergen  Hill  three 
times  successively  with  the  reagent  and  then  leached  out  with  water. 
In  the  solution  20.50  per  cent  of  lime  and  6.95  of  soda  were  found, 
showing  that  a  very  considerable  decomposition  had  taken  place, 
but  the  residue  was  not  examined.  In  a  preliminary  experiment 
by  the  sealed  tube  method  we  found  that  20.72  per  cent  of  lime  and 
6.46  of  soda  were  taken  out,  while  1.44  per  cent  of  ammonia  was 
retained  by  the  residue.  That  is,  two-thirds  of  the  bases,  approxi- 
mately, had  been  converted  into  chlorides  by  the  reaction.  The  open 
crucible  and  the  sealed  tube  gave  essentially  the  same  results,  although 
the  retention  of  ammonia  was  not  noticed  by  Schneider  and  Clarke. 

In  order  to  obtain  further  light  upon  pectolite  we  continued  our 
experiments  with  the  sealed  tube  method,  and  have  obtained  very 
variable  results.  All  of  the  heatings  with  ammonium  chloride  were 
conducted  at  350^,  and  the  pectolite  used  was  from  the  same  Bergen 
Hill  specimen  which  served  us  for  our  previous  work.  Our  data  are 
as  follows,  including  for  convenience  of  comparison  the  preliminary 
experiment  which  was  cited  above: 

A.  Heated  six  honrs.  On  leaching,  20.72  per  cent  of  lime,  6.46  soda,  and  0.11 
alnmina  dissolved.    The  residue  contained  1.44  -per  cent  of  ammonia. 
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B.  Heated  six  hours.  30.10  per  c»it  lime  and  5.80  of  soda  extracted.  1.45  per 
cent  ammonia  in  the  residue.  The  residue  was  also  examined  for  silica  soluble 
in  25  per  cent  sodium  carbonate  solution  (on  fifteen  minutes  boiling) ,  and  43.38 
per  cent  was  found. 

C.  Heated  six  hours.  Soluble  portion  neglected.  The  residue  contained  2.3S 
per  cent  of  ammonia  and  61.79  per  cent  of  soluble  silica.  The  full  analysis  of 
this  residue  is  given  later. 

D.  Heated  ten  hours.  A  complex  breaking  up  of  the  pectoUte  took  place,  and 
leaching  with  water  extracted  the  following  percentages: 

SiO, - 5.43 

AljO, 22 

CaO -- --      28.30 

MnO .23 

Na,0 8.29 

The  residue  from  this  leaching  contained  39.^  of  soluble  silica,  but  ammonia 
was  not  determined. 

These  results  are  so  irregular  that  definite  conclusions  can  hardly 
be  drawn  from  them.  A  and  B  agree  fairly  with  each  other,  and 
also  with  the  earlier  work  of  Schneider  and  Clarke.  C  contains  more 
ammonia,  but  differs  widely  from  B  as  to  the  amount  of  soluble  silica 
in  the  residue.  D,  which  represents  a  long  heating,  indicates  a  more 
complete  reaction  than  was  observed  in  either  of  the  other  cases. 

An  ammonium  compound,  however,  is  evidently  formed  during  the 
reaction,  although  its  precise  nature  can  not  be  determined  from  the 
evidence  now  in  hand.  Something  may  be  inferred  from  the  follow- 
ing figures,  which  are  to  be  summarized  thus:  First,  we  reproduce 
from  our  earlier  paper  the  analysis  of  the  pectolite  itself.  Secondly, 
we  give  the  analysis  of  the  insoluble  residue  obtained  in  experiment 
C.  The  third  column  of  figures  is  obtained  by  subtracting  from  the 
second  column  61.79  of  soluble  silica  and  1.18  of  hygroscopic  water, 
and  recalculating  the  remainder  to  1(X)  per  cent.  The  fourth  column 
contains  the  molecular  ratios  calculated  from  the  third. 


Pectolite. 


SiO,.-        

A1,0, 

CaO... 

MnO 

Na,0 

NH, 

HjOatlOO".... 
HjO  above  100" 
CO, 


53.34 
.33 

33.23 

.4,5 

9.11 


.27 

2.70 

.67 

100.10 


Residue 
found. 


75.98 
.08 
9.56 
.24 
1.84 
2.23 
1.18 
9.47 


Refddne 
reduced. 


87.74 

.19 

25.43 

.63 

4.89 

5.93 


100.58 


25.19 


100.00 


RatioR. 

0.629 
.002 
.454 
.009 
.079 
.349 
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These  ratios  roughly  suggest  the  formation  of  a  salt  approximating 
in  composition  to  the  formula  R'aCagSigO^.eHgO,  in  which  R'  is  about 
two-thirds  ammonium  and  one-third  sodium.  The  large  amount  of 
water  found  was  doubtless  absorbed  during  the  process  of  leaching. 
Pectolite  itself  has  the  formula  NaHCaaSijOe,  so  that  the  existence  of 
a  hydrous  ammonium  pectolite  is  indicated;  a  conclusion  which  is 
probable  but  not  proved.  The  reaction  between  pectolit-e  and  ammo- 
nium chloride  is  possibly  simple  at  first,  but  followed  by  or  entangled 
with  secondary  changes  which  obscure  the  results.  The  experiments 
are  interesting,  however,  as  showing  how  widely  pectolite  differs  from 
the  other  minerals  which  we  have  studied,  as  regards  the  ammonium 
chloride  reaction. 

WOLLASTONFTE. 

The  only  data  relative  to  the  action  of  ammonium  chloride  upon 
wollastonite  are  those  given  in  the  original  paper  by  Schneider  and 
Clarke,  but  on  account  of  the  close  relationship  between  this  si)ecie8 
and  pectolite  it  seems  desirable  to  reproduce  the  record  here.  The 
mineral  studied  was  from  Diana.  N.  Y.,  and  it  had  the  subjoined 
composition : 

SiO, - 50.05 

Al,0„PeA 118 

CaO -- 47.10 

Na,0 - tmdet. 

MgO .-   .-   -.- -.        .09 

H,0-- - 45 


After  two  heatings  with  ammonium  chloride  in  an  open  crucible, 
36. 98  per  cent  of  lime  became  soluble  in  water.  In  other  words,  a 
very  notable  decomposition  had  occurred,  as  in  the  case  of  pectolite. 
Since  wollastonite  is  an  anhydrous  mineral,  this  result  shows  that 
the  reaction  does  not  depend  upon  the  presence  of  hydroxyl. 

APOPHYLLITE. 

Upon  this  sx)ecies  only  one  rather  crude  experiment  was  made,  and 
that  with  material  of  unknown  locality.  Heated  with  ammonium 
chloride  in  a  sealed  tube,  it  gave  up,  on  leaching  with  water,  21.59 
per  cent  of  lime  and  5.18  of  potassa.  The  residue  contained  only 
0.79  per  cent  of  ammonia.  Evidently  the  mineral,  like  pectolite  and 
wollastonite,  is  largely  decomposed  by  the  reagent;  but  it  is  uncertain 
whether  any  regular  ammonium  compound  is  formed.  It  must  be 
remembered  that  apophyllite  sometimes  contains  small  quantities  of 
ammonia,  and  hence  it  seems  that  a  more  complete  investigation  of  it 
is  desirable. 
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DATOLTTE. 

The  compact,  porcelain-like  datolite  from  Lake  Superior.  This 
was  heated  in  a  sealed  tube  with  ammonium  chloride  in  the  usual 
way.  After  leaching  the  product  with  water,  the  washed  residue  con- 
tained 91.09  per  cent  of  silica  and  1.17  of  ammonia.  Evidently  the 
datolite  molecule  had  been  thoroughly  broken  down,  with  nearly 
complete  removal  of  the  bases  and  the  boric  acid.  The  significance 
of  the  retained  ammonia,  however,  is  not  clear. 

ELiEOLITE. 

On  account  of  their  interest  as  rock-forming  minerals,  the  three 
species  nephelite  var.  eheolite,  sodalite,  and  cancrinit-e  were  studied 
consecutivelj'  and  with  some  reference  to  one  another.  The  elaeolite 
was  the  characteristic  material  from  the  elaeolite-syenite  of  Litchfield, 
Me.,  and  had  the  following  composition: 

SiO, 45.91 

AlA 31.14 

Fe,03 - - 34 

PeO - 38 

CaO - 33 

Na,0 14.60 

K,0 5.60 

HaOatl(H) 47 

HjjO  above  lOir 93 

CO, 40 

99.95 

Five  grams  of  mineral  were  thoroughly  mixed  with  20  grams  of 
ammonium  chloride  by  long  grinding  in  an  agate  mortar,  and  then 
heat-ed  for  six  hours  in  a  sealed  tube  to  350°.  Even  during  the  grind- 
ing a  strong  smell  of  ammonia  was  noticeable,  and  upon  opening  the 
sealed  tube  after  heating,  a  slight  pressure  of  ammonia  gas  was 
observed.  On  extraction  with  water  the  following  bases  passed  into 
solution  : 

FejOj.AljOa 0.29 

CaO 07 

Alkalies  (calculated  as  soda) 2.10 

The  residue  from  the  leach  water  was  dried  at  50°,  and  then  found 
to  contain  0.92  per  cent  of  ammonia.  These  figures  confirm  those 
obtained  in  a  much  less  careful  preliminary  experiment,  and  show 
that  elaeolite  is  but  slightly  affected  by  the  reagent. 
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CANCRINITE. 

The  material  studied  was  the  well-known  bright  yellow  cancrinite 
from  Litchfield,  Me.,  and  an  analysis  of  it  gave  the  following  results: 

SiO, ..  36.19 

Al,Os 29.24 

FejO, trace 

CaO  4.72 

Na,0 19.20 

K,0 14 

H,0 4.15 

CO, 6.11 

99.75 

Upon  boiling  the  powdered  mineral  for  fifteen  minutes  with  the 
standard  solution  of  sodium  carbonate,  0.55  per  cent  of  silica  went 
into  solution.  After  ignition,  only  0.32  per  cent  was  soluble.  No 
silica,  therefore,  had  been  split  off  by  heating. 

With  ammonium  chloride  two  experiments  were  made.  In  each 
case  the  mineral  was  intimately  ground  with  four  times  its  weight  of 
the  chloride,  and  heated  to  350°  in  a  sealed  tube  for  four  hours. 
During  grinding  a  strong  smell  of  ammonia  was  noticed,  and  still 
more  was  given  off  when  the  tubes  were  opened.  The  products  were 
leached  with  water,  and  the  thoroughly  washed  residues  were  ana- 
lyzed, as  follows  L 


SiO. 

A1,0,.... 

CaO 

Na,0(+K,0). 

NH, 

H,OatlOO\.. 
H^O  above  100 
CO, 


A. 


B. 


37.48 

37.51 

31.23 

31.98 

5.10 

6.30 

7.78 

7.53 

4.73 

3.77 

1.29 
12.24 

\ 
1 

14.48 

none 

none 

99.85 


100.57 


In  the  wash  water  from  product  B,  11.73  per  cent  of  the  original 
soda  was  found,  with  no  lime,  and  0.16  per  cent  of  silica  and  alumina. 
Somewhat  less  than  two-thirds  of  the  soda  had  been  taken  out.  The 
lime  seems  to  be  much  more  stably  combined,  and  water  was  taken 
up,  probably  in  the  process  of  leaching.  The  carbonic  acid  of  the 
cancrinite  had  been  completely  eliminated. 
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Apparently,  if  the  product  of  the  reaction  is  a  definite  compound, 
the  effect  of  the  ammonium  chloride  has  been  to  transform  the  cancri- 
nite  into  a  zeolitic  body,  approximating  roughly  to  the  general  formula 

R^Al  SiO^.  H2O, 

but  with  a  small  excess  of  the  univalent  bases.  Analysis  A, 
adjusted  by  rejecting  the  1.29  per  cent  of  hygroscopic  water,  and 
recalculation  of  the  remainder  to  100  per  cent,  assumes  the  following 
form  and  gives  the  appended  ratios: 


SiO^- 

AlA 

CaO 

Na,0 

NH3- 

HaO. 


The  substance  is  evidently  not  absolutely  pure,  a  condition  which 
might  have  been  expected.  Any  closer  attempt  at  precise  formula- 
tion would  therefore  be  useless.  It  most  nearly  resembles,  among 
the  products  which  we  have  obtained,  the  ammonium  derivative  of 
thomsonite. 

SODALITE. 

Dark-blue  sodalite  from  Kicking  Horse  Pass,  British  Columbia. 
Analysis  as  follows: 

SiO,.. 39.66 

AljOs       - -- - 30.09 

Fe^Os        -    - - .-_        .31 

CaO - - -        .18 

Na^O 22.60 

K,0.- - - -      l.U 

H^OatlOO^ 17 

HaOabovelOO" 79 

a 6.13 

101.06 
Le8sO=a 1.39 

99.67 

With  ammonium  chloride  two  preparations  were  made,  both  by 

the  sealed-tube  method  at  350°.     In  A  the  heating  lasted  twenty-four 

hours;  and  in  H  six  hours.     From  residue  A,  by  leaching  with  water, 

2.96  per  cent  of  alkali,  reckoned  as  soda,  was  extracted;  and  from  B, 
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3.53  per  cent.     In  the  washed  residues  the  following  determinations 
were  made,  but  complete  analysis  seemed  to  be  unnecessary. 


B. 


SiO, 

Al,0,(FeA) 

CaO 

Na^Od^jO) 

NH,.- 

CI.-- 


39.38 
31.40 

.20  ! 
20.86 

.45 
5.92 


40.00 
32.34 


.73 


Evidently  the  amount  of  change  was  slight,  and  no  definite  ammo- 
nium derivative  had  been  formed. 

In  one  way  these  results  shed  some  light  upon  the  constitution  of 
sodalite.  According  to  Leraberg  and  his  pupils  the  mineral  is  a  double 
salt,  a  molecular  compound  of  sodium  chloride  with  a  silicate  like 
nepheline.  If  this  view  were  correct  sodium  and  chlorine  should  be 
removed  together  by  the  action  of  a  decomposing  reagent.  We  find, 
however,  that  about  3  per  cent  of  soda  was  removed  from  sodalite  in 
forming  residue  A,  while  practically  all  of  the  chlorine  remains 
behind.  So  far,  then,  the  evidence  is  adverse  to  the  view  just  cited 
and  favorable  to  that  of  Hrogger,  which  assigns  the  mineral,  as  an 
atomic  compound,  to  a  place  in  the  garnet  group. 

On  the  other  hand,  sodium  chloride  may  be  volatilized  from  sodalite 
by  prolongeil  heating.  Two  portions  of  the  mineral  were  each  heated 
for  four  hours  over  a  blast-lamp  fiame,  losing  10.80  and  10.72  per  cent, 
respectively.  The  chlorine  in  the  mineral,  0.12  per  cent,  corresponds 
to  10.08  per  cent  of  NaCl;  to  this  must  be  added  the  0.91  of  water 
found,  making  a  total  possible  loss  of  11.04  per  cent.  In  the  residue 
from  the  first  lot  ignited  0.20  of  chlorine  was  found,  so  that  the  vola- 
tilization of  sodium  chloride  had  been  almost  complete.  This  reac- 
tion, however,  taking  place  at  a  very  high  temperature,  may  be  only 
a  result  of  metathesis,  and  not  by  any  means  a  proof  that  sodium 
chloride,  as  such,  is  an  essential  constituent  of  sodalite.  The  evi- 
dence derived  from  the  ammonium  chloride  reaction  is  entitled  to  the 
greater  weight. 

THE  FELDSPARS. 

The  results  which  we  have  obtained  with  these  important  rock- 
forming  minerals  are  interesting  only  in  so  far  as  they  show  a  trifling 
sensitiveness  on  the  part  of  the  several  species  toward  dissociating 
ammonium  chloride.  The  action  upon  them  is  slight,  and  ammonium 
derivatives  do  not  seem  to  be  formed.  The  data  may  be  briefly  sum- 
marized as  follows: 

Orthocln.se, — From  southeastern  Pennsylvania,  exact  locality 
unknown.     Quite  pure  cleavage  masses.     Heated  for  six  hours  with 
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ammonium  chloride  to  350°  in  a  sealed  tube,  and  leached  with  water, 
1.52  per  cent  of  KCl  went  into  solution.  The  residue,  dried  at  50% 
contained  0.20  per  cent  of  ammonia. 

Oligodase, — The  tranapai^ent  variety  from  Bakersville,  N.  C. 
Treated  like  the  orthoclase.  In  the  leach  water  0.96  per  cent  of  lime 
and  2.71  of  soda  were  found.  The  air-dried  residue  contained  1.47 
per  cent  of  ammonia.  It  is  barely  possible  that  in  this  case  an  ammo- 
nium derivative  may  have  l)een  produced,  but  the  data  are  not  posi- 
tive enough  to  warrant  any  definite  conclusion. 

Alhiie. — Well-crystallized  and  very  pure  material  from  Amelia 
Courthouse,  Va.  Treated  like  the  two  preceding  feldspars.  Upon 
leaching,  0.12  percent  of  lime  and  0.84  of  soda  went  into  solution. 
In  the  residue,  dried  at  50°,  0.32  per  cent  of  ammonia  was  retained. 

OLIVINE. 

Green,  transparent  pebbles  from  near  Fort  Wingate,  N.  Mex. 
Examined  by  Schneider  and  Clarke,  who  employed  only  the  open 
crucible  method.  By  treatment  with  ammonium  chloride  only  0.44 
per  cent  of  magnesia  was  rendered  soluble  in  water — i.  e.,  converted 
into  magnesium  chloride.  In  view  of  the  ready  solubility  of  this 
mineral  in  even  weak  aqueous  acids,  this  lack  of  sensitiveness  to 
ammonium  chloride  is  somewhat  remarkable. 

ILVATTE. 

This  rare  mineral  was  found  by  Mr.  Waldemar  Lindgren  at  the 
Golconda  mine,  South  Mountain,  Owyhee  County,  Idaho.  It  occurs 
in  jet  black  masses  and  occasional  rough  crystals,  embedded  in  quai*tz 
or  calcite,  and  intimately  associated  with  two  other  minerals  which 
appear  to  be  garnet  and  tremolite.  Traces  of  pyrite  also  appear. 
The  specific  gravity  of  the  ilvaite,  as  determined  by  Dr.  Hillebrand, 
is  4.059  at  31°. 

Upon  grinding  the  powdered  mineral  with  ammonium  chloride  in 
an  agate  mortar,  a  distinct  smell  of  ammonia  was  noticeable.  Three 
tubes  of  the  mixture  were  heated  to  350°,  and  one  exploded  because 
of  the  lil)eration  of  gas  within.  Upon  opening  the  second  and  third 
tubes,  a  strong  outrush  of  ammonia  was  observed.  When  the  con- 
tents of  these  tubes  were  leached  with  water,  large  quantities  of 
ferrous  chloride  went  into  solution,  which,  rapidly  oxidising,  formed 
a  deposit  of  brownish  hydroxide,  and  interfered  seriously  with  filtra- 
tion. The  greater  part  of  the  lime  in  the  ilvaite  was  dissolved  also. 
The  washed  residue,  containing  much  ferric  hydroxide,  was  partially 
analyzed,  and  enough  data  were  obtained  to  show  that  a  geneml 
breaking  down  of  the  ilvaite  molecule  ha<i  been  effected.  Apparently, 
also,  small  quantities  of  an  ammonium  derivative  had  been  formed; 


Digitized  by 


Google 


CLARKE  ANDl 
STEIOBR.     J 


ILVAITE    AND   BIEBEOKITE. 


45 


but  this  point  is  uncertain.  The  original  mineral  was  analyzed  by 
Dr.  W.  F.  Hillebrand,  and  his  analysis,  contrasted  with  that  of  the 
leached  residue,  is  here  given: 


SiO, 

A1,0, 

Fe,0, 

FeO 

MnO 

CaO 

MgO 

Na,0 

NHs ... 

H,Oatl05°.-.. 
H,0  above  ia5" 
a 


nvaite  (HiUe-  ' 
brand).       i 


29.16 
.52 

20.40 

29.14 
5.15 

18.02 
.15 
.08 


Residue 

(Steiger). 


43.01 

40.08 

8.75 

.85 

2.25 

nndet. 

nndet. 

.88 

nndet. 

nndet. 


100.41 


95.82 


a  Small  amonnt. 

In  the  leached  residue  from  the  third  tube  21.37  per  cent  of  soluble 
silica  was  found — silica  which  had  been  liberated  during  the  reaction 
between  the  ilvaite  and  the  ammonium  chloride.  In  short,  ilvaite 
behaves  toward  the  I'eagent  much  like  i)ectolit.e,  and  the  product  is  a 
mixture  of  uncertain  character.  The  evident  instability  of  the  ilvaite 
molecule  may  account  for  its  rarity  as  a  mineral  species.  Only 
exceptional  conditions  would  favor  its  formation. 

riebeckitb(?). 

The  results  obtained  with  ilvaite  made  it  desirable  to  study,  for 
comparison,  some  other  silicates  of  iron.  Among  these  the  mineral 
from  St.  Petere  Dome,  near  Pikes  Peak,  Colorado,  originally  described 
by  Koenig  as  arfvedsonite,  but  identified  by  Lacroix  as  near  riebeck- 
ite,  happened  to  be  available.  It  was  treated  with  ammonium  chlo- 
ride in  the  usual  way  and  no  presence  of  liberated  gas  was  noticed 
when  the  tube  was  opened.  On  leaching  the  product  with  water,  fer- 
rous chloride  went  into  solution  and  ferric  hydroxide  with  some 
manganic  hydroxide  was  deposited.  In  the  leached  mass  6.90  per 
cent  of  soluble  silica  was  found,  and  in  the  wash  water  from  the 
leaching  there  was  6.76  per  cent  of  soda.  According  to  Koenig's 
analysis  the  mineral  contains  8.33  per  cent  of  soda,  so  that  a  large 
portion  of  the  total  amount  had  been  extracted.     There  was  also, 
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evidently,  a  considerable  breaking  down  of  the  molecule,  but  no 
definite  ammonium  derivative  had  been  formed.  This  is  shown  by 
the  following  analysis  of  the  leached  residue,  which  is  contrasted 
with  Koenig's  published  analysis**  of  the  original  mineral  in  order  to 
indicate  the  amount  of  change.  In  the  third  column  of  figures  we 
give  the  amount  of  each  constituent  which  could  be  dissolved  out 
from  the  residue  by  treatment  with  hydrochloric  acid.  , 


SiO,... 
TiO, . . 
ZrO, . . 
Fe,0,  . 
FeO  .   . 
MnO.   - 
MgO... 
CaO... 
Na,0  .- 
KjO... 
NH,  -. 

a 


Rlebeckite 
(Koenig). 


49.83 

1.43 

.75 

14.87 

18.86 

1.75 

.41 


.20 


Residue 
(Steiger.L 


Soluble 
portion. 


67.54 


97.87 


21.28 

4.94 

.64 

none 

15.74 

4.94 

.64 

trace 



1.04 

. 

.53 
3.33 

.53 

trat'e 

_ 

99.30 

The  residue  is  evidently  a  mixture  of  free  silica  and  ferric  hydrate 
with  probably  at  least  two  silicates,  one  soluble,  the  other  insoluble 
in  hydrochloric  acid.  The  i*eaction  itself  is  noteworthy  because  of 
the  fact  that  the  original  mineral  is  but  slightly  attacked  when  boiled 
with  strong  hydrochloric  acid.  The  other  minerals  so  far  studied  by 
us  are  all  easily  decomposable  by  acids,  while  this  one  is  quite  refrac- 
tory. The  energetic  character  of  the  ammonium  chloride  reaction  is 
thus  strongly  emphasized. 

iEGIRITB. 

Material  from  the  well-known  locality  at  Magnet  Cove,  Arkansas. 
Not  absolutely  pure,  but  somewhat  contaminated  by  ferric  hydroxide. 
This  impurity  is  evident  in  a  discussion  of  the  ratios  furnished  by 
the  analysis,  but  is  not  serious.  It  does  not  affect  the  problems  under 
consideration.  By  heating  with  ammonium  chloride  the  mineral  was 
only  slightly  changed.     In  the  leach  water  from  the  product  there 


a  Dana's  System  of  Mineralogy,  6th  ed.,  p.  400. 
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were  1.60  per  cent  (AlFe)203,  0.51  CaO  and  1.18  Na2().     Analyses  as 
follows:  A  of  the  segirite,  B  of  the  air-dried,  leached  residue. 


SiO, 

A1,0,  -  .    

Fe^O,  .  .  -  - 

FeO 

MnO... 

MgO 

CaO 

Na,0 

K,0 

NH,  ...     

H,OatlOO^... 
HjO  above  100" 


50.45 

2.76 

23.42 

5.26 

.10 

1.48 

5.92 

9.84 

.24 


B. 


51.83 

25.24 

5.69 


.15 
.40 

100.02 


r 


1.58 
5.74 

9.07 

.26 

.90 

100.31 


Of  the  silica  in  the  residue  4.42  per  cent  was  soluble  in  sodium  car- 
bonate solution.     An  ammonium  derivative  was  not  formed. 

From  these  data  we  see  that  the  three  iron  silicates  are  very  differ- 
ently attacked  by  ammonium  chloride;  ilvaite  very  strongly,  riebeck- 
ite  moderately,  and  jegirite  but  feebly.  The  jegirite  is  the  most 
stable  and  at  the  same  time  the  commonest  of  the  three.  A  com- 
parison of  the  a^girite  analysis  with  that  made  by  J.  Lawrence  Smith 
of  material  from  the  same  region  shows  notable  differences.  The 
mineral  evidently  varies  in  composition,  the  variation  depending 
upon  the  relative  amounts  of  the  two  silicate  molecules  FeNaSijOg 
and  R"Si03.  Two  samples  taken  from  different  parts  of  the  same 
rock  area  are  not  necessarily  identical  in  composition. 

CALAMINE. 

The  simplest  constitutional  formula  for  calamine,  the  one  which  is 
generally  accepted,  represents  it  as  a  basic  metasilicate, 

Si03=(ZnOH)2. 

In  this  the  hydrogen  is  all  combined  in  one  way,  and  so,  too,  is  the 
zinc.  In  all  other  possible  formulae,  simple  or  complex,  the  hydrogen 
as  well  as  the  zinc  must  be  represented  as  present  in  at  least  two 
modes  of  combination;  a  condition  of  which,  if  it  exists,  some  evidence 
should  be  attainable.  Our  experiments  upon  calamine  have  had  this 
point  in  view;  and  we  have  sought  to  ascertain  whether  water  or  zinc 
could  be  split  off  in  separately  recognizable  fractions.  Our  results, 
in  the  main,  have  been  negative,  and  tend  toward  the  support  of  the 
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usual  formula;  but  the  data  are  not  conclusive,  although  they  seem 
to  be  worthy  of  rei'ord. 

The  beautiful  white  calamine  from  Franklin,  N.  J.,  was  selected 
for  study,  and  gave  the  subjoined  composition: 

SiO, 24.15 

AlA.  Fe,0, - 19 

ZnO  - 67.55 

CaO - 12 

H,0 - 7.95 

99.96 
Fractional  water. 

At  100 0.27 

At  ISO   22 

At250   75 

Ataoo  - 88 

Incipient  rtnl  heat - - 4. 46 

Full  red  heat 1.37 

7.95 
Here  no  clear  and  definite  fractionation  of  the  water  is  recognizable, 
at  least  of  such  a  character  as  to  suggest  any  other  than  the  ordinary 
formula  for  calamine. 

Upon  boiling  powdered  calamine  with  water,  practically  nothing 
went  into  solution,  but  by  boiling  with  the  solution  of  sodium  car- 
l)onate  0,25  \^v  cent  of  silica  was  dissolved.  After  ignition  at  a  red 
heat,  only  0.14  per  cent  of  silica  became  soluble  in  sodium  carbonate; 
and  after  blasting,  only  0.24.  In  these  experiments  a  very  little  zinc 
was  dissolved  also;  but  there  was  no  evidence  that  any  breaking  up 
of  the  mineral  into  distinguishable  fractions  had  occurred.  In  a  hot 
10  per  cent  solution  of  caustic  soda  both  the  fresh  and  the  ignited 
calamine  dissolve  almost  completely;  but  boiling  with  aqueous  am- 
monia seems  to  leave  the  mineral  practically  unattacked.  All  exper- 
iments aiming  to  extract  a  definite  fraction  of  zinc  while  leaving  a 
similar  fraction  behind  resulted  negatively. 

By  heating  with  dry  ammonium  chloride  in  an  open  crucible,  cala- 
mine is  vigorously  attacked  and  gains  in  weight  by  absorption  of 
chlorine.  In  two  exi>eriments  the  mineral  was  intimately  mixed  \iith 
three  times  its  weight  of  powdered  sal  ammoniac*  and  heated  in  an  air 
bath  for  several  hours  to  a  temperature  somewhat  over  400^.  A  large 
part  of  the  residue  was  soluble  in  water,  and  the  percentage  of  this 
portion,  together  with  the  percentage  increase  in  weight,  is  given 
below : 


Gain  in  weight . . 
Soluble  in  water. 


n. 


I 
27.60  25.78 

53.28  67.13 
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A  conversion  of  calamine  into  the  chlorhydrin  SiOg(ZnCI)2  would 
involve  a  gain  in  weight  of  15.34  per  cent.  Complete  conversion  into 
2ZnCl2+Si02  implies  an  increase  of  38. 14  per  cent.  The  figures  given 
lie  between  these  two,  and  are  indefinite  also  for  the  reason  that  there 
was  volatilization  of  zinc  chloride. 

In  two  more  exi)eriments  the  calamine,  mingled  with  three  times 
and  four  times  its  weight  of  ammonium  chloride,  respectively,  was 
heated  for  an  hour  and  a  half  to  bright  redness  in  a  combustion  tube. 
The  zinc  chloride  which  was  formed  volatilized  and  was  collected  by 
suitable  means  for  determination.  It  corresponded  to  59. 6  and  59.0  per 
cent  of  the  original  mineral,  calculated  as  zinc  oxide,  which  indicates 
a  nearly  complete  decomposition  of  the  calamine  into  2ZnCl2+Si02. 
The  residue  was  mainly  silica,  with  a  small  part  of  the  zinc,  about 
half  of  the  silica  being  soluble  in  sodium  carbonate  solution.  Here 
again  no  definite  fractionation  of  the  mineral  could  be  observed. 

Finally  the  action  of  dry  hydrogen  sulphide  upon  calamine  was 
investigated.  The  mineral  was  heated  to  redness  in  a  current  of  the 
gas  and  gained  perceptibly  in  weight.  The  percentage  data,  reckoned 
on  the  original  calamine,  were  as  follows,  in  two  experiments : 


Gain  in  weight 

SiO,  soluble  in  Na,COs. 
Sulphur  in  residne 


I.  •  II. 


I 
6.00  I  6.43 

16.45  1  20.95 

24.13 


"I 


Complete  conversion  of  calamine  into  ^ZnS+SiOg  implies  a  gain  in 
weight  of  5.80  pev  cent,  and  it  is  therefore  evident  from  the  figures  of 
the  second  experiment  that  the  limit  of  change  was  approached  very 
nearly.  The  24.12  of  sulphur  taken  up  is  quite  close  to  the  26.53  per 
cent  which  is  required  by  theory.  About  eight-ninths  of  the  calamine 
had  undergone  transformation.  Again  no  definite  fractionation  was 
detected. 

The  hydrogen  sulphide  reaction  was  examined  still  further  with 
reference  to  the  temperature  at  which  it  becomes  effective.  Even  in 
the  cold  calamine  is  slightly  attacked  by  the  gas,  but  its  action  is 
unimportant  until  the  temperature  of  400°  is  approximated.  Then  it 
becomes  vigorous  and  the  reaction  goes  on  rapidly.  A  few  experi- 
ments with  willemite  showed  that  it  also  was  attacked  by  hydrogen 
sulphide,  but  less  vigorously  than  calamine. 

PYROPHYLLITE. 

llie  empirical  formula  for  pyrophyllite,  AlHSiaOg,  is  apparently 
that  of  an  acid  metasilicate,  and  the  mineral  is  therefore  peculiarly 
available  for  fractional  analysis.     The  compact  variety  from  Deep 
9506— No.  207—02 4 
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River,  N.  C,  was  taken  for  examiDatioii,  and  a  uniform  sample  was 
prepared.     Analysis  gave  the  following  results: 

SiO,.-.     - - -. 64.73 

TiO,     -       -- - 73 

AljO,-- - 29.16 

Fe,0, .49 

MgO - -- trace 

Ignition 5. 35 

100.46 

If,  now,  pyrophyllite  is  an  acid  metasilicate  it  should  break  up  on 
ignition  in  accordance  with  the  equation 

2AlITSi20e=Al2Sis09+SiOj+HjO. 

That  is,  one- fourth  of  the  silica,  or  16.18  per  cent,  should  be  liber- 
ated. The  mineral  itself  is  very  slightly  attacked  by  boiling  with  the 
sodium  carbonate  solution,  and  in  an  experiment  of  this  kind  only 
0.72  per  cent  of  silica  was  dissolved.  Upon  ignition  under  varying,' 
circumstan(*es  the  following  data  were  obtained : 

Ignited  ten  minutes  over  a  Bunsen  burner,  and  then  extracted  with 
sodium  carbonate  solution,  1.51  per  cent  of  SiOj  dissolved. 

Ignited  fifteen  minutes  over  a  Bunsen  burner,  1.89  per  cent  became 
soluble. 

Ignited  ten  minutes  over  a  Bunsen  burner  and  then  fifteen  minutes 
over  the  blast,  2.84  per  cent  of  silica  was  liberated. 

These  results  are  of  a  different  order  from  those  given  by  pectolite 
and  talc,  and  raise  the  question  whether  pyrophyllite,  despite  its 
ratios,  is  a  metasilicate  at  all.  So  far  as  the  evidence  goes,  it  may 
with  propriety  be  regarded  as  a  basic  salt  of  the  acid  lljjSijOs,  and  its 
formula  then  becomes 

8i205=Al-on. 

This  formula  is  at  least  as  probable  as  the  metasilicate  expression, 
which  latter  rests  upon  assumption  alone.  Still  other  formulae,  but 
of  greater  complexity,  are  possible;  but  until  we  know  more  of  the 
genesis  and  chemical  n^lationships  of  pyrophyllite,  speculation  con- 
cerning them  would  Ik*  unprofitable. 

By  heating  with  ammonium  chloride  in  an  oi>en  crucible  pyrophyl- 
lite is  very  slightly  attacked.  In  two  exi)eriments  it  lost  in  weight 
6.17  and  6.30  per  cent,  resi)ectively.  The  excess  of  loss  over  water  is 
due,  as  we  have  proved,  to  the  volatilization  of  a  little  ferric  ami 
aluminic  chloride.  The  residue  of  the  mineral  after  this  treatment 
contained  no  chlorine,  so  that  no  chlorhydrin-like  body  had  been 
formed.  The  formation  of  such  a  compound,  the  replacement  of 
hydroxyl  by  chlorine,  would,  if  it  could  be  effected,  be  a  valuable 
datum  toward  determining  the  actual  constitution  of  the  species. 
The  sealed  tube  experiments  were  not  attempted. 
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SERPENTINE. 

In  1891  Clarke  and  Schneider  published  an  investigation  ^  relative 
to  the  action  of  gaseous  hydrochloric  acid  upon  various  minerals. 
Among  these  were  the  three  species,  serpentine,  leuchtenbergite,  and 
phlogopite,  and  the  remainders  of  the  original  samples  were  fortu- 
nately at  our  disposal.  The  analyses  made  by  Schneider  are  there- 
fore directly  comparable  with  the  new  data  secured  by  us. 

The  serpentine,  from  Newburyport,  Mass.,  was  but  moderately 
attacked  upon  heating  with  ammonium  chloride.  Upon  leaching  the 
contents  of  the  sealed  tube  with  water,  0.18  per  cent  of  silica  and  5.23 
of  magnesia  went  into  solution.  The  washed  residue  and  the  serpen- 
tine had  the  following  composition : 


SiOa 

Fe,03,  Al^Os 

MgO 

FeO 

NH, 

H,0 


Serpentine  "  ,      Residne 
( Schneider) .       (Steiger ) . 


41.47  I  45.43 

1.73  I  .88 

41.70  '  89.54 

.09  i...   


15.06  ,      14.01 
100.05  '      99.94 


The  leached  residue  contained  1.06  per  cent  of  soluble  silica.  The 
amount  of  change  effected  in  the  mineral  was  evidently  small,  and  no 
ammonium  compound  was  produced. 

In  Schneider  and  Clarke's*  paper  upon  the  ammonium  chloride 
reaction  a  serpentine  from  the  river  Poldnewaja,  district  of  Syssert, 
in  the  Urals,  was  studied.  By  a  single  treatment  in  an  open  crucible 
4.93  per  cent  of  magnesia  became  soluble  in  water  as  chloride.  In  a 
second  experiment  the  mineral,  after  heating  with  10  grams  of  ammo- 
nium chloride  until  volatilization  ceased,  was  reheated  with  10  grams 
more.  Upon  leaching,  14.30  per  cent  of  magnesia  went  into  solution. 
In  a  third  trial  the  serpentine  was  thrice  treated  and  only  10.63  per 
cent  of  magnesia  was  converted  into  chloride.  In  the  last  case  the 
residue  was  boiled  with  sodium  carbonate  solution,  which  extracted 
3.82  per  cent  of  silica.  The  same  serpentine  was  completely  decom- 
posable by  aqueous  hydrochloric  acid,  but  only  moderately  attacked 
by  the  dry  gas.  The  evident  irregularity  of  these  results  is  yet  unex- 
plained. 

PHLOGOPITE. 

From  Burgess,  Canada.  The  contents  of  the  sealed  tube,  after 
heating,  showed  little  appearance  of  change.  The  leach  water  con- 
tained magnesia.     Analyses  as  follows: 


aBulL  U.  S.  GeoL  Survey  No.  78,  p.  11, 1891.       bBnU.  U.  S.  Geol.  Survey  No.  118,  p.  84, 1898. 
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SiO, 
TiO,  . 
Al,03- 
Fe,03 
FeO.. 
BaO  - 
MgO. 
Na,0_ 

NH,.. 
HjO.- 
F  -  .. 


LesaO 


The  residue,  on  boiling  with  sodium  carbonate,  gave  0.40  per  cent 
of  soluble  silica.  From  these  data  it  appears  that  phlogopite  is  some- 
what attacked  by  ammonium  chloride,  but  not  strongly.  No  definite 
ammonium  derivative  is  formed. 


LEUCHTENBERGITE. 

From  tlie  standard  locality  near  Slatoust,  in  the  Urals.  When  the 
contents  of  the  sealed  tube  were  leached  with  water,  there  passed  into 
solution  0.19  per  cent  of  alumina,  plus  iron,  2.10  of  magnesia^  and 
2.03  of  lime.  The  residue  was  not  completely  analyzed,  but  the  few 
determinations  made  contrast  with  Schneider's  results  as  follows: 


Lenchtenberg- 
ite. 


SiO,-. 
Al,03- 
FeA 
FeO.. 
MgO. 
CaO-. 
NH,-. 
H,0.. 


Readdne 

(Steiger). 


32.27 
16.  a5 

33.© 

4.26 

.28 

29.75 

6.21 

4.67 
.35 

11.47 

12.11 

100.29 
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No  definite  ammonium  compound  was  formed,  and  the  amount  of 
decomposition  was  small.  As  the  lime  shown  by  the  analysis  is  at 
least  partly  due  to  the  presence  of  garnet  as  an  impurity  in  the  min- 
eral, it  will  be  interesting  to  determine  the  effect  producible  by 
ammonium  chloride  upon  that  species. 

In  Schneider  and  Clarke's  investigation,  conducted  in  open  cruci- 
bles, this  same  leuchtenbergite,  after  three  heatings  with  ammonium 
chloride,  gave  up  3.98  per  cent  of  magnesia  upon  leaching  with  water. 
The  residue  contained  a  little  magnesium  6xy chloride.  With  clino- 
chlore  from  Slatoust  similar  results  were  obtained.  A  double  heating 
with  ammonium  chloride  extracted  2.12  per  cent  of  magnesia,  and  a 
triple  heating  took  out  3.80  per  cent. 

XANTHOPHYLLITE. 

Variety  waluewite,  from  the  Nikolai-Maximilian  mine,  district  of 
Slatoust,  Urals.  Examined  by  Schneider  and  Clarke,  who  found  the 
mineral  to  be  practically  unattacked  by  gaseous  hydrochloric  acid, 
but  completely  decomposable  by  the  aqueous  acid.  A  triple  treating 
with  ammonium  chloride  in  an  open  crucible  took  out  0.48  per  cent  of 
lime  and  0.61  of  magnesia.  This  amount  of  decomposition  is  insig- 
nificant. 

THE  ACTION  OF  AMMONIUM  CHLORIDE   ON   ROCKS. 

From  the  evidence  so  far  presented  it  is  clear  that  the  ammonium- 
chloride  reaction  has  much  theoretical  interest  and  that  it  adds  a 
good  deal  to  our  knowledge  of  chemical  constitution.  But  does  it  go 
any  further  than  this  and  render  any  assistance  in  the  elucidation  of 
other  problems?  Consider,  for  instance,  the  rational  analysis  of 
silicate  rocks — that  is,  the  quantitative  determination  of  certain  min- 
eral constituents  as  distinguished  from  the  ordinary  estimation  of  the 
oxides — is  the  reaction  of  any  service  here?  We  have  found  that 
among  the  rock-forming  minerals  analcite  and  leucite  are  completely 
transformable  into  ammonium  salts,  while  elsBolite  and  the  feldspars 
are  but  little  affected;  olivine  and  the  ferro-magnesian  silicates  also 
react  but  slightly.  It  would  seem,  therefore,  as  if  analcite  and  leucite 
might  be  approximately  determined  by  means  of  the  reaction,  the 
amount  of  change  produced  in  a  rock  mixture  being  some  measure  of 
their  quantity.  To  test  this  supposition,  we  have  made  a  number  of 
experiments,  using  for  the  purpose  well-known  rocks  which  had  been 
studied  both  mineralogically  and  chemically. 

Our  method  of  procedure  has  been  extremely  simple,  and  no  refine- 
ments of  process  have  as  yet  been  attempted.  Each  rock,  in  fine 
powder,  was  mixed  with  four  times  its  weight  of  ammonium  chloride 
and  heated  for  several  hours  in  a  sealed  tube  to  350°.  After  cooling, 
the  mixture  was  leached  with  water,  and  the  amount  of  alkali  pass- 
ing into  solution  was  estimated.  From  this  soluble  alkali  the  amount 
of  analcite  or  leucite  in  the  rock  may  be  be  roughly  inferred,  but  of 
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course  not  witli  any  great  degree  of  accuracy.  Still  an  approximate 
estimation  is  better  than  no  measurement  at  all  and  is  of  service  to 
the  i)etrographer.  Fortunately  the  errors  of  the  process  are  to  some 
extent  compensatory;  a  little  analcite  or  leucite  will  always  escape 
transformation,  while  on  the  other  hand  a  little  alkali  will  always  be 
yielded  by  other  species.  One  erroi'  renders-  the  estimation  of  the 
alkali  too  low,  the  other  makes  it  high,  but  the  two  t«nd  to  balance 
each  other.  In  the  ordinary  process  for  separating  soluble  from 
insoluble  silicates  by  means  of  aqueous  hydrochloric  or  very  dilute 
nitric  acid  the  same  errors  occur,  but  with  additional  complications 
due  to  the  solution  of  magnesian  minerals  like  olivine.  Furthermore, 
aqueous  acids  will  not  discriminate  l>etween  analcite  and  nepheline, 
two  species  which  behave  very  differently  toward  dissociating  ammo- 
nium chloride.  So  much  premised,  we  may  pass  on  to  the  description 
of  our  experiments. 

First,  we  examined  three  rocks  from  the  Leucite  Hills,  Wyoming, 
which  were  analyzed  by  Ilillebrand  and  described  by  C-ross.*»  Their 
mineralogical composition  is  as  follows: 

A.  Orepdite.  Contains  predominating  leucite  and  sanidine,  with  phlogopite,  a 
little  biotite,  diopside,  and  amphibole,  and  accessory  apatite  and  mtile. 

B.  Wyomingite.  Contains  phlogopite,  lencite,  diopside,  and  apatite. 

C.  Madupite.  Contains  predominating  diopside  and  phlogopite,  with  perofskite 
and  magnetite,  in  a  glassy  base,  which  has  approximately  the  composition  of 
lencite. 

On  A  and  B  duplicate  determinations  were  made,  but  only  one  in 
the  case  of  C'.  The  substances  extracted  by  leaching,  after  treatment 
with  ammonium  chloride,  are  given  below: 


AljO^FejOa. 

CaO 

K,0 

Na^O 


Al. 

0.26 

1.38 

4.68 

.25 


A  2. 
0.21 

BI. 
0.64 

B2. 
0.64 

C. 

0.21 

1.48 

1.67 

1.70 

5.06 

4.53 

0.50 

9.38 

6.81 

.48 

1.33  1 

1 

1.35 

1.0. 

The  duplicates  are  fairly  concordant.     If  now  we  regard  the  KjO 
thus  extracted  as  a  measure  of  the  leucite  in  each  i^ock,  giving  the 
mineral  its  nonnal  (*omposition  KAlSigOg,  we  have  the  following  per- 
centages of  the  latter: 
In  orendite: 

1 21.81 

2 21.11 

In  wyomingite: 

1 44.47 

2-..- 43.71 

In  madupite 31. 73 


«  Am.  Jour.  Sri.,  4th  Heries,  Vol.  IV,  p.  115.    Soo  also  Bull.  U.  S.  Heol.  Survey  No.  168»  pp.  85  and 
86,  1900,  for  unalyaes. 
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Two  other  leucite  rocks  were  also  studied  by  us,  as  follows,  both 
being  given  in  duplicate : 

D.  Missoiuite,  Highwood  Mountains,  Montana.  Described  by  Weed  and  Pirs- 
son.«  Analyzed  by  E.  B.  Hnrlbnt.  Contains  angite  and  lencite,  with  apatite, 
iron  ozides,  olivine,  and  biotite.    Some  zeolites  and  analcite  are  also  present. 

E.  Lencitite,  Bearpaw  Mountains,  Montana.  Described  by  Weed  and  Pirsson.  * 
Analyzed  by  H.  N.  Stokes.  An  ohvine-free  leucite  basalt.  Contains  leucite, 
angite,  iron  oxides,  rarely  biotite,  and  a  very  small  amount  of  glassy  base. 

The  following  substances  were  taken  out  by  the  ammonium  chlo- 
ride reaction: 


CaO  , 
Na,0 


Dl. 


1.73 

4.09 

.59 


D2. 


El. 


1.70 

3.74 

.64 


0.89 
6.19 
1.44 


E8. 


1.29 
6.16 
1.47 


Hence  we  have  for  leucite — 

Inmissourite 19. 06  and  17. 43 

Inleucitite 28. 84  and  28. 70 

It  will  be  observed  that  the  extracted  soda  is  neglected  in  the  com- 
putation. In  missourite  it  may  represent  analcite;  in  the  other 
rocks  it  perhaps  belongs  to  a  sodium  equivalent  of  leucite,  or  it  may 
come  from  some  still  different  source.  At  all  events,  it  serves  to  indi- 
cate some  of  the  uncertainties  attending  the  application  of  the 
method. 

Among  the  rocks  containing  analcite  as  an  essential  constituent, 
only  two  were  available  for  our  purposes.     They  are: 

F.  Analcite-basalt,  from  Basin,  Colorado.  Described  by  Cross.  ^  Analyzed  by 
Hillebrand.  Contains  phenocrysts  of  augite.  olivine,  and  analcite;  also  mag- 
netite, and  minor  amoimts  of  alkali  feldspars,  biotite,  and  apatite. 

G.  Heronite,  from  Heron  Bay.  Lake  Superior.  Described  by  Coleman.^  Con- 
tains analcite,  orthoclase,  labradorite,  aBgirite,  limonite,  and  calcite. 

By  treatment  with  ammonium  chloride  the  following  bas^  were 
extracted  from  these  rocks,  determinations  being  made  in  duplicate : 


CaO 
K,0. 
Na^O 


Fi. 


1.74 

.46 

8.42 


F2. 

2.28 

.49 

3.29 


Gl. 


1.64 

.21 

6.04 


G2. 


1.62 

.18 

6.87 


a  Am.  JoTir.  Sci.,  4th  series.  Vol.  II,  p.  316;  Bull.  U.  8.  Geol.  Survey  No.  168,  p.  13B. 
b  Am.  Jour.  Sci.,  ith  series.  Vol.  II,  p.  148;  Bull.  U.  8.  Geol.  Survey  No.  168,  p.  136. 
c.See  BuU.  U.  S.  Geol.  Survey  No.  168,  p.  146. 
rf  Jour.  Geology.  Vol.  VU,  p.  481. 
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Hence,  reckoning  the  soda  as  equivalent  to  normal  analcite, 
NaAlSijOg.IIjip,  we  have  as  percentages  of  the  latter: 

In  analcite-basalt    .       _ 26. 33  and  35. 38 

Inheronite         -     -.    .,.  46. 51  and  49. 05 

According:  to  Coleman's  computations,  heronite  contains  47  per  cent 
of  analcite.  This  figure  agrees  quite  perfectly  with  our  experimental 
determination. 

In  order  to  gain  some  notion  of  the  extent  to  which  other  rocks, 
containing  neither  analcite  nor  leucite,  might  be  affected  by  the 
reaction  with  ammonium  chloride,  four  examples  were  chosen  from 
among  the  many  which  have  been  studied  in  this  laboratory. <*  They 
were: 

S.  Phonolite,  Uvalde  County,  Tex.  Contains  sanidine,  nepheline,  and  segirite. 
with  very  little  brown  hornblende,  augite,  and  magnetite. 

I.  Soda-granite-porphyry,  Merced  River,  Mariposa  Connty,  Cal.  Contains  feld- 
spar, largely  albite,  hornblende,  muscovite,  epidote,  apatite,  and  iron  ore. 

J.  Granitite,  Placerville  Canal,  Eldorado  County,  Cal.  Contams  biotite,  ortho- 
clase,  plagioclase,  and  quartz. 

K.  Augite-latite,  Table  Mountain,  Tuolumne  County,  Cal.  Contains  labra- 
dorite,  olivine,  augite,  and  magnetite. 

The  bases  extracted  from  these  four  rocks  were  as  follows,  in 
percentages: 


Al,Oj'Fe,0:i - -  0.33;  0.19 

CaO . .22;  .29 

K,0 .41  '  .20 

Na,0 .     '  4.38'  .33 


0.58 

none 

.20 

.23 


0.66 

1.21 

.66 


Among  these  rocks  only  the  firat  one,  the  phonolite,  was  seriously 
affected;  and  it  is  difficult  to  account  for  the  large  amount  of  soda 
extracted.  Neither  nepheline  nor  aegirite  taken  alone  gives  up  nearly 
so  much  soda  as  was  liberated  in  this  case,  and  no  other  sodinm  min- 
eral has  been  reported  present  in  the  rock.  In  the  other  cases  the 
amount  of  extraction,  is  small  and  amounts  to  no  more  than  the  plus 
error,  which  was  pointed  out  at  the  l)eginning  of  this  discussion. 

Taking  all  things  into  account,  it  seems  probable  that  the  analytical 
metliod  proposed,  although  far  from  exact,  is  capable  of  some  devel- 
opment, and  is  likely  to  yield  results  of  some  value.  Perhaps  it  might 
be  improved  by  taking  into  account  the  quantities  of  ammonia  retained 
by  the  washed  residues.  From  that  source  one  estimat-e  could  be 
derived,  and  from  the  alkali  in  solution  another;  the  two  should  give 
better  information  than  either  determination  alone.  But  the  preci- 
sion of  ordinary  analytical  processes  is  not  to  be  expected  here,  and 
only  useful  approximations  can  be  anticipated. 


"  For  additional  <lata  and  the  analy»e«,  w^  Bull.  U.  8.  Oool.  Survey  No.  168,  pp.  (B,  Iflft,  affi,  SiiT. 
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SUMMARY. 

In  the  foregoing  pages  we  have  considered  the  action  of  ammonium 
chloride,  at  its  temperature  of  dissociation,  upon  31  mineral  species. 
We  have  shown  that  its  influence  upon  various  silicat-es  differs  very 
widely,  but  that  in  general  it  is  a  much  more  powerful  reagent  than  has 
been  generally  supposed.     The  results,  in  brief,  are  as  follows: 

First.  Analcite,  leueite,  natrolite,  and  scolecite,  heated  with  dry 
ammonium  chloride  to  350°  in  a  sealed  tube,  yield  alkaline  chlorides 
and  an  ammonium  aluminum  silicate,  which  is  stable  at  300°.  The 
reaction  is  simply  one  of  double  decomposition,  the  sodium  or  potas- 
sium of  the  original  silicate)  being  completely  replaced  by  ammonium. 
Analcite  and  leueite  give  the  same  product,  NH4AlSi205.  Natrolite 
and  scolecite  yield  the  salt  (NH4)2Al2SigO,o.  The  latter  compound  is 
H  derivative  of  orthotrisilieic  acid,  IlgSigOu,;  and  in  a  separate  sec- 
tion of  the  memoir  its  constitution  and  its  relations  to  other  trisilicic 
acids  are  considered. 

Second.  A  similar  reaction,  a  double  decomposition,  takes  place 
incompletely  with  stilbite,  heulandite,  chabazite,  thomsonite,  laumont- 
ite,  and  pollucite.  Part  of  the  monoxide  base  is  removed  and  replaced 
by  ammonium,  without  change  of  atomic  ratios.  Cancrinite  is  also 
vigorously  attacked,  and  partially  transformed  into  a  zeolitic  body. 

Third.  Pectolite,  wollastonite,  aj)ophyllite,  datolite,  ilvaite,  and 
calamine  are  violently  acted  upon  by  ammonium  chloride,  and  their 
molecules  seem  to  be  almost  completely  broken  down.  The  products 
of  the  reactions  are  mixtures,  and  no  ammonium  silicates  are  formed. 

Fourth.  ElfBolite,  sodalite,  riebeckite,  olivine,  serpentine,  phlogo- 
pite,  prehnitf^  orthoclase,  albite,  oligoclase,  jegirite,  pyrophyllite, 
leuchtenbergite,  and  xanthophyllite  are  but  slightly  attacked  by  dis- 
sociating ammonium  chloride. 

In  the  closing  section  of  the  work  we  have  shown  that  the  ammonium 
chloride  reaction  may  be  applied  to  an  approximate  quantitative 
determination  of  analcite  and  leueite  in  rocks,  thereby  aiding  some- 
what in  the  estimation  of  their  mineralogical  composition. 
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DESCRIPTIVE  GEOLOGY  OF  NEVADA  SOUTH  OF  THE 
FORTIETH  PARALLEL  AND  ADJACENT  PORTIONS  OF 
CALIFORNIA. 


By  J08IAH  Edward  Spurr. 


INTRODUCTION. 

The  field  work  ui)on  which  the  present  bulletin  is  based,  so  far  as 
the  writer's  labors  are  concerned,  was  done  in  the  summer  and  fall  of 
1899.  After  visiting  the  Wasatch  Range  to  study  briefly  the  Wasatch 
Paleozoic  section,  as  determined  by  the  Fortieth  Parallel  Surve}',  the 
writer  proceeded  to  Eureka,  in  Nevada,  and  there  spent  two  weeks  in 
studying  that  section,  the  best  and  most  complete  yet  discovered  in 
the  far  West.  Feeling  finally  ready  for  untried  ground,  the  expedi- 
tion, consisting,  besides  the  writer,  of  a  teamster,  a  cook,  and  an  assist- 
ant, left  Eureka  and  proceeded  southeastward  to  Hamilton,  and  then 
to  Ely.  From  Ely  the  route  ran  to  Osceola  in  the  Snake  Creek  Range, 
thence  across  that  range  and  northward  up  Snake  Valley  to  Pleasant 
Valley,  where  a  westward  course  was  again  taken.  Schellbourne 
and  Cherry  Creek,  the  latter  in  the  Egan  Range,  were  next  visited, 
and  thence  the  way  led  northwestward  to  Ruby  Lake,  and  so  back  to 
Eureka.  During  pai-t  of  this  journey  some  of  the  region  which  had  been 
mapped  by  the  Fortieth  Parallel  Survey  was  traversed,  this  route  being 
purposely  chosen  so  as  to  permit  study  in  the  field  of  the  application 
of  the  Fortieth  Parallel  geologic  section.  After  replenishing  sup- 
plies at  Eureka  the  expedition  took  the  road  southward  to  Hot  Creek, 
and  thence  proceeded  westward  to  Belmont.  The  country  to  Careon 
was  then  traversed,  the  more  or  less  inactive  mining  camps  of  lone, 
Ellsworth,  and  Downieville  and  the  Indian  reservation  at  Walker 
Lake  being  passed.  At  Carson  a  short  time  was  spent,  and  the  famous 
Comstock  lode  and  the  southern  end  of  the  Virginia  Range  were 
visited.  From  Carson  the  route  was  southwestward  past  Wellington, 
Hawthorne,  Sodaville,  Columbus,  and  Silver  Peak,  to  Lida.  From 
Lida  the  course  was  again  toward  the  east,  and  the  State  of  Nevada 
was  crossed  again  by  way  of  the  Ralston  Desert,  Twin  Springs,  and 
White  River,  to  Pioche.  From  Pioche,  Meadow  Valley  Canyon  was 
followed  southward  to  the  Indian  reservation  at  Moapa  or  West  Point, 
not  far  from  the  Colorado,  then,  a  turn  to  the  west  being  made,  the 
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State  wa8  crossed  a  third  time,  by  way  of  Indian  Springs  and  Pah- 
rump  Valley,  into  California.  Funeral  Range  was  crossed  and  Death 
Valley  entered  at  Furnace  Creek.  From  here  the  expedition  went 
southward,  and,  crossing  the  Panamint  Range  at  Windy  Gap,  pro- 
ceeded by  way  of  Granite  Wells  to  Johannesburg.  From  Johannes- 
burg the  party  proceeded  across  the  Mohave  Desert,  crossing  the 
Santa  Fe  Railroad  at  Hinckley.  Finally  San  Bernardino  was  reached, 
which  was  the  end  of  the  journey.  This  trip  lasted  about  five  months, 
and  comprised  over  2,000  miles  of  actual  travel. 

The  primary  object  of  the  expedition  was  to  make  the  roughest  kind 
of  a  general  geologic  map,  such  as  might  fill  up  the  great  gaps  in  the 
map  of  the  western  United  States.  It  being  the  intention  of  the  Sur- 
vey to  publish  a  general  geologic  map  of  the  United  States  on  a  scale 
of  about  40  miles  to  the  inch,  no  great  amount  of  detail  was  advisable 
or  possible.  On  account,  also,  of  the  rough  and  inaccurate  manner  in 
which  much  of  the  region  of  the  western  United  States  has  been 
already  mapped,  it  was  not  advisable  to  undertake  to  do  any  work  of 
higher  grade. 

In  order  to  accomplish  the  style  of  mapping  desired  with  as  much 
economy  of  time  and  labor  as  possible,  the  writer  determined  to  avoid 
any  duplication  between  his  route  and  those  already  traveled  by  geolo- 
gists, and  carefully  planned  his  journeys  with  that  end  in  view.  On 
the  north  the  area  which  he  undertook  to  investigate  was  bounded  by 
the  geologic  maps  of  the  Fortieth  Parallel  Survey  (atlas  maps  4  and  5) ; 
on  the  east  it  was  bounded  by  the  geologic  maps  of  the  Wheeler  sur- 
vey; and  on  the  west  chiefly  by  a  reconnaissance  map  of  the  Sierra 
Nevada  published  by  Mr.  II.  W.  Turner  in  the  Seventeenth  Annual 
Report  of  the  United  States  Geological  Survey,  Part  I;  on  the  south 
there  w-as  no  definite  boundary. 

Within  the  area  to  be  mapped,  about  the  only  important  journey 
that  had  been  made  by  a  geologist  had  been  accomplished  by  Mr. 
Gilbert  in  1871,  while  with  the  Wheeler  Topographic  Survey.  His 
route,  with  the  other  boundaries  already  mentioned,  is  shown  on  PI.  II. 
The  writer  was  able  to  so  plan  his  route  with  reference  to  the  woFk 
of  Mr.  Gilbert  and  to  the  maps  which  bounded  the  area  that  hardly 
any  point  in  the  region  examined  can  be  found  which  is  more  than  30 
miles  from  a  point  of  observation.  This  in  any  country  would  prob- 
ably be  sufficient  for  a  reconnaissance  map  on  a  scale  of  40  miles  to 
the  inch,  but  in  the  Great  Basin  region  of  Nevada  and  California  the 
conditions  are  especially  favorable,  so  that  a  map  can  be  made  having 
far  more  value  than  in  ordinary  regions.  The  clear  air,  the  lack  of 
vegetation,  and  the  general  continuity  of  formations  parallel  with  the 
north-south  ranges  all  combine  to  make  a  reconnaissance  more  satis- 
factory than  usual.  The  attitude  of  strata  or  a  conspicuous  formation 
may  often  be  followed  15  or  20  miles  along  the  front  of  a  mountain,  by 
the  aid  of  a  field  glass,  from  a  single  point. 
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The  foregoing  explauatiou  indicates  clearly  enough  the  character 
of  the  map  and  the  weight  which  should  be  placed  upon  it.  The 
data  along  the  lines  of  reconnaissance,  often  obtained  on  forced 
marches  of  20  or  30  miles  a  day,  are  oftentimes  meager  and  unsatis- 
factory. Between  the  lines  of  actual  travel  the  data  are  still  less 
reliable,  and  a  great  deal  of  the  mapping  has  been  done  simply  from 
inference.  Thus  it  is  probable  that  anyone  examining  closely  the 
detail  of  the  map  will  find  it  nearly  all  inaccurate,  while  one  looking 
for  the  main  principles  will  recognize  the  general  correctness  of  the 
mapping  and  the  value  of  the  map  as  a  pioneer. 

The  inaccuracy  of  the  map  is  unavoidably  heightened  by  the  lack 
of  a  suitable  topographic  base.  The  present  base  has  been  prepared 
in  a  very  rough  and  unsatisfactory  way,  chiefly  from  the  Wheeler  and 
other  early  surveys.  It  is  a  source  of  regret  to  the  author  of  the  bul- 
letin that  so  rough  a  topographic  map  must  be  presented  as  the  vehicle 
for  his  geologic  information. 

Within  the  text  of  the  bulletin  an  effort  has  been  made  to  give 
clearly  the  known  facts  concerning  the  geology,  whether  obtained  by 
the  writer  or  previously.  Fidl  credit  is  given  to  previous  work, 
although  it  can  not  always  be  given  in  the  map  compiled  from  this 
information.     The  chief  sources,  however,  are  shown  on  PI.  II.** 

The  writer  has  judged  it  most  advisable  to  confine  the  text  to 
descriptive  matt.er.  General  i*esults,  especially  those  involving  appli- 
cation of  theory,  have  been  withheld  or  published  separately.  Among 
these  general  results  the  author  has  published  two  papers  on  volcan- 
ism  in  the  Journal  of  Geology,  entitled  The  Succession  and  Relation 
of  Lavas  of  the  Great  Basin  Region  (October-November,  1900),  and 
Transitions  of  Texture  in  certain  Tertiary  Igneous.  Rocks  of  the  Great 
Basin.  A  petrographic  paper  on  Quartz-muscovite  Rock  from  Bel- 
mont, Nev.,  has  been  published  in  the  American  Journal  of  Science 
(November,  1900).  A  paper  on  the  Origin  and  Structure  of  the 
Basin  Ranges  was  read  before  the  Geological  Society  of  America  at 

Albany,  December,  1900. 

*  I  — ^ — ■ 

«  After  the  above  was  written,  and  while  the  bulletin  was  in  galley  proof,  new  information  was 
received  as  a  resolt  of  the  studies  of  Messrs.  Weeks  and  Rowe,  of  the  U  S.  Geological  Survey. 
The  studies  of  Mr.  Weeks  were  made  in  1900 ;  those  of  Mr,  Jlpwe  in  1900  und  1901,  The  results  of 
these  have  been  incorporated  in  the  bulletin. 
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EXPLANATION  OF   FORMATION   NAMES. 

TJio  followinji;  is  ;i  brief  oxplaiiHlioii  of  foriiuitioii  luiiuesiisetl  in  tliis 
work.     Names  are  arrange<l  alphalK»tieally. 

Auhrefj  limestone  and  sundnshme, — These  names  were  applied  h^" 
Messrs.  (filbert  and  Marvine  in  1871  to  formations  in  the  Colora<lo 
Canyon  resrion.  The  limestone  lies  alM>ve  the  sandstone  and  has  a 
thickness  of  S20  feet  on  Kanab  Creek.  At  a  few  points  in  the  tojv 
most  layer  were  found  a  group  of  shells  suggesting  the  Permo-Carboii- 
iferous  of  the  Mississippi  Valley,  indieating  that  the  gi'eat  Paleozoic 
lithologie  (change  at  this  honzon  marks  the  absolute  elose  of  the 
Caiboniferous  ag(\  Lithologically  the  limestone  is  eharaeterized  by 
a  great  abundance  of  chert,  which  toward  the  top  sometimes  consti- 
tnivH  half  the  mass.  Near  the  middle  it  is  in  some  places  interrupted 
by  a  l)elt  of  shale  with  gypsum. 

The  underlying  Aubrey  sandstone  series  has  a  thicknc^ss  in  the 
Aubrey  cliffs  and  along  the  Grand  Canyon  of  about  1,000  feet.  In 
every  exposure  a  portion  of  this  body  is  massive  and  cross  lHHlde<l  and 
another  portion  soft  and  g^psiferous,  but  the  order  of  these  i)arts  is 
not  constant.  The  sandstones  contain  no  fossils,  but  an  intercalatc^d 
limestone  below  the  middle  of  the  series  at  Canyon  Creek  bears  famil- 
iar Coal  Measures  shells.^' 

Chufir  series. — This  name  was  introduced  by  Mr.  C.  D.  Walcott  in 
1883  for  a  part  of  the  Lower  Cambrian  of  the  Grand  Canyon  region. 
Mr.  AValcott  divided  the  Grand  C^anyon  group  of  Majt)r  Powell  into  a 
lowerand  an  upper  division,  the  Grand  Canyon  and  the  Chuar.  In  1886 
the  reference  to  the  Lower  Cambrian  was  changed  to  pre-Cambrian. 
In  180O  these  strata  were  n^ferred  to  the  Algonkian  syst^MU.  In  1804 
Mr.  Walcott  again  classified  th<'  Algonkian,  dividing  the  Grand 
Canycm  series  of  this  system  into  the  upper  (Chuar)  series  and  the 
lower  (ITnkar)  series.  The  Chuar  is  separated  by  an  unconformity 
from  the  overlying  Cambrian  (Tonto  series).^ 

Di(tmon(1  Peak  qu<triziie. — This  name  was  given  by  Mr.  Hague  to 
the  lowest  lithologie  member  of  the  Carboniferous  at  Eureka,  Nev. 
At  this  place  the  Diamond  Peak  quartzite  consists  of  3,000  feet  of  mas- 
sive gray  and  brown  quart zit(\s,  witli  brown  and  green  shales  at  the 
summit.     It  underlies  3,800  feet  of  heavy  bedded,  dark-blue  and  gray, 

rtU.  S.  i\vH)^.  Surv.  W.  One  Hundn^dth  Mer.,  Vol.  Ill,  p.  177. 
^  Fourteenth  Ann.  Kept.  U,  S.  Gch>1.  Survey,  Part  II,  p.  506, 
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Lower  Coal  Measures  limestone,  which  contains  intercalated  beds  of 
chert  and  argillaceous  beds  near  the  base.  The  Diamond  Peak  quartz- 
it<3  is  not  a  persistent  litholo^c  terrane,  and  is  not  recognizable  with 
confidence  at  any  great  distance  from  the  Eureka  section. 

Esmeralda  formation. — This  name  was  applied  by  Mr.  II.  W.  Tur- 
ner^ to  Tertiary  formations  in  the  Silver  Peak  Range,  in  the  west- 
ern part  of  Nevada.  These  deposits  consist  of  sandstones,  shales, 
volcanic  tuffs,  breccias,  conglomerates,  and  great  thicknesses  of 
lacustrine  marls.  Coal  beds  and  plant  remains  occur;  also  fossil 
shells  and  fish  bones.  From  the  evidence  afforded  by  tliese  fossils, 
the  age  of  the  beds  was  broadly  determined  as  late  Eocene  or  early 
Miocene. 

Eureka  qaariztie, — This  name  was  applie<l  by  Mr.  Hague  to  the  mid- 
dle of  the  three  divisions  of  the  Silurian  in  the  Eureka  district.  This 
division  here  consists  of  500  feet  of  compact  vitreous  quartzite,  white 
or  blue  in  color,  and  passing  into  rock  of  reddish  tints  near  the  base, 
with  indistinct  bedding.  It  overlies  the  Pogonip  limestone,  and  is 
separated  from  the  overlying  Silurian  Lone  Mountain  limestone*  by  an 
unconformity.  The  Eureka  quartzite  appears  to  be  one  of  the  most 
persistent  lithologic  terranes  of  the  N(»vada  Paleozoic.  It  has  been 
recognized  over  a  wide  area. 

Grand  Canyon  group. — The  name  Grand  Canyon  group  was  given 
by  Maj.  J.  W.  Powell  to  the  strata  in  the  Grand  Canyon  region  beneath 
the  Tonto  sandstone  and  above  the  Grand  Canyon  schists.  The 
latter  were  referred  tentatively  to  the  Eozoic,  and  the  10,000  feet  of 
the  Grand  Canyon  group  to  the  Silurian.  In  1883  Mr.  C.  I).  Walcott 
referred  Major  Powell's  Grand  Canyon  group  to  the  Lower  Cambrian 
and  separated  it  into  an  upper  and  a  lower  division,  the  Grand  Canyon 
and  the  Chuar.  In  188G  these  rocks  were  referred  by  Mr.  Walcott  to 
the  pre-Cambrian,  and  in  1800  to  the  Algonkian.  In  1894  Mr.  AVal- 
cott  subdivided  the  Grand  Canyon  group  of  the  Algonkian  into  the 
Chuar  and  the  Unkar  series.  The  Grand  Canyon  group  is  separated 
by  an  unconformity  from  the  overlying  Cambrian  (Tonto  sandstone), 
and  by  a  great  unconformity  from  the  underlying  Vishnu  series  of 
schists. 

Hamburg  limestone  and  shale. — The  Hamburg  limestone  and  shale 
are  the  uppermost  divisions  of  the  Cambrian  as  defined  by  Mr.  Hague 
in  the  Eureka  district,  Nevada.  The  Hamburg  shale  lies  at  the  very 
top  and  consists  of  350  feet  of  yellow  argillaceous  shale  containing 
layers  of  chert  nodules,  esi)ecially  near  the  top.  The  underlying 
Hamburg  limestone  consists  of  1,200  feet  of  daiJc-gray  granular  lime- 
stone, with  only  slight  traces  of  bedding.  The  Hamburg  shale  is 
characterized  by  well-developed  Upper  Cambrian  fauna.* 

a  Am.  Geol.,  Vol.  XXV,  p.  168. 

b Second  Ann.  Rept.  U.  S.  Geol.  Survey,  p.  27;  Third  Ann.  Rept.,  p.  255. 


Digitized  by 


Google 


20  GEOLOGY    OF    NEVADA  SOUTH    OF   40TH    PARALLEL.     tBDLL.a». 

Humboldt  serie^s, — This  name  was  applied  by  King**  to  a  series  of 
loose,  friable  Tertiary  rocks,  carrying  very  recent  fresh-water  mol- 
lusks.  This  series  is  found  at  intervals  all  over  the  northern  portion 
of  the  Great  Basin  region,  from  the  Sierra  Nevada  into  Utah.  Mr. 
King  regarded  all  these  beds,  which  from  their  fossils  were  referred 
to  the  late  Pliocene,  as  lake  deposits  and  as  representing  the  sedi- 
ment of  a  single  lake  out  of  which  the  numerous  lofty  mountain 
masses  rose  in  a  complicated  system  of  islands. 

Koipato  formation. — This  name  was  applied  by  Mr.  King*  to  one  of 
the  two  chief  divisions  of  the  Triassic  in  western  Nevada.  He 
describes  the  Koipato  as  made  up  of  siliceous  and  argillaceous  beds, 
whose  chemical  peculiarity  is  the  almost  total  absence  of  soda  and 
lime  and  the  liigh  percentage  of  alumina  and  potash.  This  series  has 
an  observable  thickness  of  about  6,000  feet,  with  an  unknown  quan- 
tity to  be  added  for  the  unseen  beds  at  the  bottom.  The  Koipato  is 
overlain  by  the  Triassic  Star  Peak  series. 

Lone  Mountain  limestone. — ^This  name  was  given  by  Mr.  Hague 
to  the  uppermost  division  of  the  Silurian  in  the  Eureka  district.  It 
consists  of  1,800  feet  of  strata.  At  the  base  are  black  gritty  beds 
passing  into  light-gray  siliceous  rocks  with  all  traces  of  bedding 
obliterated.  ITiere  are  Trenton  fossils  at  the  base  and  Halysites  in 
the  upper  portion.  The  formation  is  separated  from  the  underlying 
Silurian  £ureka  quartzite  by  an  unconformity,  and  is  overlain  con- 
formably by  the  Devonian  Nevada  limestone. 

Nevada  limestone. — The  Nevada  limestone,  as  defined  by  Mr. 
Hague,*^  is  the  lower  member  of  the  Devonian  series  at  Eureka.  It 
consists  of  6,000  feet  of  limestone.  The  lower  horizons  are  indis- 
tinctly bedded,  with  saccharoidal  texture  and  gray  color,  passing  up 
into  distinctly  bedded  strata,  reddish  brown  and  gray  in  color,  fre- 
quently finely  striped,  producing  a  variegated  appearance.  The 
upper  horizons  are  massive,  well  bedded,  bluish  black  in  color,  and 
highly  fossiliferous.  The  Nevada  limestone  overlies  the  Silurian 
Lone  Mountain  limestone  at  Eureka  and  is  overlain  by  the  Devonian 
White  Pine  shale. 

Ogden  quartzite. — This  term  was  applied  by  King**  to  a  sheet  of 
siliceous  sediment,  in  general  compacted  into  a  quartzite.  Mr.  King 
stated  that  this  formation  had  a  remarkable  evenness  over  all  the 
Paleozoic  area  west  of  and  including  the  Wasatch.  In  its  typical 
locality,  Ogden  Canyon,  Wasatch  Range,  it  was  stated  to  be  1,200 
or  1,400  feet  thick;  at  Cottonwood  Canyon  1,000  feet,  and  in  middle 
Nevada  from  800  to  900  feet.  In  Ogden  Canyon  it  is  bounded  at 
the  top  and   bottom  by  thin   beds  of  greenish-gray  ai'gillites;  and 

a  U.  S.  Oeol.  Expl  Fortieth  Par.,  Vol.  I,  p.  484. 

blbid.,p.84«. 

<»  Third  Ann.  Rept.  U.  S.  Oeol,  Survey,  p.  jHi5. 

<fOp.clt.,p.284. 
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about  the  middle  of  the  quartzite  is  a  thin  bed  of  white,  slightly  silice- 
ous marble.  No  fossils  were  found  in  this  formation,  but  it  was 
referred  to  the  Devonian,  since  it  was  found  to  overlie  the  Pogonip 
limestone,  which  contains  Lower  Helderberg  fossils,  and  is  overlain 
by  the  Wasatch  limestone,  whose  basal  beds  contain  Upper  Helder- 
bei^  forms. 

Pogonip  formation. — King^  described  the  Pogonip  limestone  in 
middle  Nevada,  in  the  regions  of  White  Pine,  Eureka,  Pinyon,  and 
Roberts  Peak  ranges,  as  being  Cambrian  in  the  lower  half  and  con- 
taining Silurian  fossils  in  its  upper  2,000  feet.  In  the  Eureka  sec- 
tion, the  term  Pogonip  was  limited  by  Mr.  Hague*  to  the  Silurian 
portion  of  the  series,  which  consists  of  2,700  feet  of  interstratified 
limestone  and  argillites,  with  arenaceous  beds  at  the  base.  These 
rocks  pass  into  pure,  fine-grained  limestone  of  a  bluish-gray  color, 
distinctly  bedded.  They  are  highly  f  ossilif  erous.  The  Pogonip  lime- 
stone is  the  lowest  member  of  the  Silurian  of  the  Eureka'section.  It 
overlies  the  topmost  member  of  the  Cambrian,  the  Hamburg  shale, 
conformably,  and  is  conformably  overlain  by  the  Silurian  Eureka 
quartzite. 

Prospect  Mountain  limestone  and  quartzite, — These  names  were 
given  by  Mr.  Hague  *  to  the  two  lowest  divisions  of  the  Cambrian  sec- 
tion at  Eureka,  Nev.  The  Prospect  Mountain  quartzite  is  the  lowest 
and  consists  of  1,500  feet  of  bedded  brownish- white  quartzites,  weath- 
ering dark  brown  but  whiter  near  the  summit.  The  quartzites  contain 
intercalated  thin  layers  of  arenaceous  shales,  and  are  ferruginous 
near  the  base. 

The  quartzite  is  overlain  by  the  Prospect  Mountain  limestone, 
which  consists  of  3,050  feet  of  gray,  compact  limestone  of  rather  light 
shade,  traversed  by  thin  seams  of  calcite.  It  has  very  imperfect  bed- 
ding planes.  The  upper  portion  of  the  Prospect  Mountain  quartzites 
is  characterized  by  the  OleneJlus  or  Lower  Cambrian  fauna,  and  the 
Prospect  Mountain  limestone  \yy  the  Middle  Cambrian  fauna  of  the 
Rocky  Mountain  section. 

Red  Wall  limestone, — This  name  was  applied  by  Messrs.  Gilbert 
and  Marvine*^  to  a  heavy  Carboniferous  limestone  in  the  Grand  Can- 
yon region.  This  limestone  has  a  gray  color  on  fresh  fracture,  but 
shows  a  red  rust  on  weather-stained  cliffs.  It  is  generally  heavy 
bedded  to  massive.  At  the  top  sandstone  alternates  with  limestone 
for  from  200  to  500  feet.  Through  its  lower  half  the  limestone  is 
interrupted  by  occasional  shaly  bands.  The  average  total  thickness 
is  2,500  feet.  Fossils  are  abundant  near  the  top  but  rare  in  the  lower 
part.     The  upper  portion  contains  Coal  Measures  fossils.     The  lowest 

aU.  S.  Oeol.  Expl.  Fortieth  Par.,  Vol.  I,  p.  282. 

ft  Third  Ann.  Rept  U.  S.  Geol.  Snrvey,  p.  256. 

«U.  8.  GJeog.  Snrv.  W.  One  Hnndredth  Mer.,  Vol.  HI,  p.  178. 
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fossils  were  obtained  just  l>elow  the  middle  of  the  series,  and  were 
doubtfully  referrcnl  to  the  Lower  Carboniferous. 

Secret  Canyon  shale, — This  name  was  applied  by  Mr.  Ilague^  to 
a  division  of  the  Cambrian  in  the  Eureka  district  overlying  the 
Prospect  Mtnintain  limestone  and  underlying  the  Hamburg  lime- 
stone. It  consists  of  1,000  feet  of  yellow  and  gray  argillaceous 
shal(»s,  passing  into  shaly  limestone.  This  formation  is  characterized 
by  a  fauna  that  may  be  referred  to  the  upper  portion  of  the  Middle 
Cambrian. 

Star  Peah  formation, — This  name  was  applied  by  Mr.  King*  to  the 
uppermost  of  the  two  great  divisions  of  the  Triassic  of  western 
Nevada.  The  series  consists  of  10,000  feet  of  strata,  made  up  of  an 
alternation  of  three  great  limestone  zones  and  three  interposed  quartz- 
ite  zones.  The  upper  two  quartzites  represent  moderately  pure  sili- 
ceous sediment,  while  the  lower  quartzite  closely  follows  the  i)hy8ical 
and  chemical  peculiarities  of  the  underlying  Triassic  Koipato  series. 
The  fossils  of  these  limestones  are  marvelously  like  the  St.  Cassian 
and  Ilallstadt  of  the  Austrian  Alps.  Directl}'  overlying  the  upper- 
most Star  Peak  quartzite  is  a  limestone  carrying  Lower  Jurassic  or 
Liassi(^  forms,  and  succeeded  upward  by  an  immense  series  of  argil- 
lites  of  unknown  thickness. 

Tonto  shale  and  sandstone. — The  name  Ton  to  was  applied  by  Mr. 
G.  K.  Gilterf^  in  1874  to  a  series  of  sandstones  and  shales  lying 
between  the  subjacent  granite  and  the  superjacent  limestones  which 
occur  at  the  mouth  of  the  Grand  Canyon  in  Arizona.  He  considers 
the  formation  of  Primordial  age,  and  it  has  been  since  found  to  eon- 
tain  an  l^ppcM'  Cambrian  fauna. ^ 

Trurkee  formation. — Mr.  King*"  proposed  the  name  Pah-Ute  Lake 
for  a  fresh-water  Miocene  lake,  which  is  regarded  as  extending  from 
the  region  of  the  Columbia  River,  and  perhaps  still  farther  north,  far 
south  through  Oregon  and  Nevada  into  California.  To  the  beds  of 
this  lake  in  the  fortieth  parallel  area  he  gave  the  name  of  Truckee 
Miocene.  Th(»y  are  made  up  of  150  feet  or  less  of  detrital  rocks  and 
gritty  sandstones,  with  some  conglomerate.  Above  these  lie  about 
250  feet  of  palagonite  tuff.  Above  this  is  250  to  300  feet  and  more  of 
infusorial  silica,  followed  by  120  feet  of  detrital  sandy  rocks,  contain- 
ing also  infusorial  silica.  Above  these  comes  (JO  feet  of  fresh-water 
limestone,  which  is  succeeded  upward  by  250  feet  of  detrital  grits; 
and  the  latter  give  away  to  an  enormous  formation  of  volcanic  tuffs. 
In  Nevada  the  thickness  of  these  volcanic  muds  is  2,0(X)  or  3,000  feet; 
in  Oregon  it  is  <»ven  more. 

n  Third  Ann.  Kept.  U.  8.  GeoL  Survey,  p.  255. 
b  U.  S.  Geol.  Expl.  Fortieth  Par.,  Vol.  I,  p.  346. 
<•  Bnll.  Washington  Philoa.  Soc.,  Vol.  I,  p.  100. 
rfC.D.  Walcott, Bull. U.S. Gk»ol.  Survey  No. 81, p. 245. 
«  Oik  oit.,  p.  464. 
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Unkar  formntion. — This  has  already  been  mentioned,  under  the 
headings  Grand  Canyon  and  Chuar,  as  the  lowest  division  of  the 
Grand  Canyon  group  of  the  Algonkian  in  the  Grand  Canyon  section. 
It  is  overlain  conformably  by  the  Chuar,  and  separated  below  by  a 
great  unconformity  from  the  Vishnu  series. 

W(UHatch  limestone, — The  term  was  applied  by  King''  to  an  enor- 
mous body  of  limestone  seen  in  the  Wasatch  and  farther  west,  but 
not  to  the  east.  lie  describes  it  as  a  single  body  of  limestone  about 
7,000  feet  in  thickness,  holding  its  enormous  volume  with  remarkable 
evenness  wherever  observed  over  Utiih  and  Nevada.  It  is  underlain 
by  the  Ogden  quartzite,  from  which  it  is  lithologically  sharply  distin- 
guished. Above,  it  passes  into  the  great  Weber  quartzite,  but  there 
is  an  alternation  of  sandstone  and  limestone  beds  at  this  transition 
and  the  thickness  of  these  intercalated  beds  is  very  variable,  reach- 
ing sometimes  about  1,000  feet. 

The  lower  1,400  feet  of  the  Wasatch  limestone  was  regarded  as 
Devonian.  Above  this  is  300  or  400  feet  of  dark,  heavy  limestones 
carrying  fossils  resembling  those  of  the  Waverly  group,  but  which 
perhaps  are  closer  to  the  Devonian.  Directly  above  these  are  400  or 
500  feet  of  dark  beds  carrying  Lower  Carboniferous  fauna,  and  above 
these  the  upper  4,500  feet  of  the  limestone  is  characterized  by  abun- 
dant Coal  Measures  fossils. 

The  term  Wasatch  was  not  retained  in  the  Eureka  section,*  the 
Devonian  and  Carboniferous  being  subdivided  into  various  forma- 
tions. However,  these  lithologic  subdivisions  are  not  readily  recog- 
nizable at  many  other  points  in  Nevada,  and  the  old  term  is  often 
convenient. 

Weher  conglomerate. — Mr.  King*'  described  the  Weber  quartzite  as 
a  body  of  indurated  sandstone  and  quartzite  carrying  occasional 
sheets  of  conglomerate,  interposed  between  two  bodies  of  Coal  Meas- 
ures limestone.  He  described  it  as  obtaining  a  thickness  of  2,000  feet 
in  the  Wasatch,  8,000  feet  in  the  Oquirrh,  and  probably  more  in 
middle  California.  This  formation  overlies  the  AVasatch  limestone 
and  underlies  the  Upper  Coal  Measures  limestone. 

The  same  formation  was  recognized  by  Mr.  Hague  ^  at  Eureka, 
where  it  is  underlain  by  the  Lower  Coal  Measures  limestone  and  over- 
lain by  the  Upper  Coal  Measures  limestone.  Its  thickness  at  Eureka, 
however,  is  only  2,000  feet.  Here  it  consists  of  coaree  and  fine  con- 
glomerates, with  angular  fragments  of  chert  and  layers  of  reddish- 
yellow  sandstone. 

White  Pine  shale, — This  term  was  applied  by  Mr.  Hague''  to  the 


«U.  S.  Geol.  Expl.  Fortieth  Par.,  Vol  I,  pp.  335-230. 

«» Arnold  Hague,  Mon.  U.  S.  Geol.  Survey,  Vol.  XX,  p.  13. 

cQp.  cit.,  p.  240. 
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uppermost  of  the  lithologic  divisions  of  the  Devonian  in  the  Eareka 
district.  It  consists  of  2,000  feet  of  black  argillaceous  shales,  more 
or  less  arenaceous,  with  intercalations  of  red  and  reddish-brown  friable 
sandstone,  changing  rapidly  with  the  locality.  The  beds  contain 
plant  impressions.  The  formation  is  underlain  by  the  Devonian 
Nevada  limestone  and  overlain  by  the  Carboniferous  Diamond  Peak 
quartzite.  These  lithologic  subdivisions  seem  to  change  rapidly  as 
one  goes  away  from  the  Eureka  district,  and  have  not  often  been 
certainly  identified. 
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CHAPTER    T 

RANGES  OF  EAST-CENTRAIi  NEVAI>A. 

SNAKE    RANGE. 

The  Snake  Range  lies  next  east  of  the  Schell  Creek  Range  and  for 
the  most  part  just  west  of  the  Nevada-Utah  line.  It  is  the  most 
conspicuous  range  between  the  Wasatch  and  the  Humboldt.  The 
northern  end  of  the  range  has  been  variously  called  the  Deep  Creek 
Mountains  or  the  Ibenpah  Mountains,  while  just  south  of  this  part  of 
the  range  a  transverse  ridge  has  been  called  the  Kern  Mountains;  but 
here  they  will  all  be  included  under  the  general  name  Snake  Range. 
The  range,  as  thus  defined,  extends  from  about  latitude  40°  15'  about 
135  miles  in  a  direction  a  little  west  of  south.  At  its  southern  end  it 
runs  into  a  group  of  irregular  mountains,  probably  in  large  part  vol- 
canic, of  which  certain  portions  go  by  the  name  of  the  Cedar  Moun- 
tains, and  the  PiSon  Mountains  of  Lincoln  County. 

TOPOGRAPHY. 

The  relief  of  the  Snake  Range  is  in  general  great.  The  mountains 
are  divided  into  irregular  ridges  which  are  broken  and  separated  by 
transverse  east-west  gaps.  By  two  such  gaps  the  so-called  Kern 
Mountains  are  separated  from  the  rest  of  the  range,  and  a  similar  but 
lower  gap  occurs  just  north  of  Wheeler  or  Jeff  Davis  Peak.  This 
peak  has  the  highest  elevation  of  any  between  the  Sierra  Nevada  and 
the  Wasatch,  attaining  over  12,000  feet  (PI.  HI,  A).  Directly  south 
of  this  the  mountains  decrease  rapidly  in  height  and  pass  into  the  low 
volcanic  peaks  above  mentioned. 

Some  of  the  erosion  forms  are  interesting.  On  the  east  side  of  the 
range,  between  Wheeler  Peak  and  the  Kern  Mountains,  a  number  of 
springs  furnish  continual  streams.  At  the  mouths  of  the  gulches 
from  which  such  streams  flow  the  Pleistocene  wash  which  covers  the 
base  of  the  mountains  has  been  lowered  fully  6CM)  feet  below  the  wash 
on  both  sides,  and  the  stream  flows  through  this  deposit  between 
steep  banks  40  feet  high.  Where  near-by  gulches  which  do  not  con- 
tain any  continual  streams  join  the  same  detrital  apron,  the  reverse 
is  the  case,  the  gulches  being  fronted  by  huge  alluvial  fans  higher 
than  the  rest  of  the  plateau. 

Considering  the  gulches  formed  by  these  continual  streams  and 
comparing  them  with  the  neighboring  gulches  which  do  not  contain 
springs,  we  find  a  strong  contrast.     Smith  Creek,  for  example,  is 
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a  spring  flowing  in  the  bottom  of  a  magnificent  narrow  canyon, 
bounded  by  perpendicular  walls  2,0<X)  or  2,500  feet  high.  In  these 
walls  are  a  numl^er  of  large  holes  or  eaves  in  the  limestones,  which 
evidently  represent  the  former  courses  of  the  same  spring  that  now 
emerges  in  the  gulch  bottom.  From  the  distribution  of  these  eaves  it 
appejirs  that  the  spring  has  been  flowing  during  all  the  time  that  the 
cAuycm  has  been  eroding  and  that  its  former  underground  courses 
have  been  expostnl  by  the  down  cutting.  The  mljacent  gulche.s,  whi<»h 
do  not  continually  contain  running  water,  have  V-shai>e<l  valleys  with- 
out lx)x  (canyons,  and  are  much  shallower. 
In  this  canyon  are  small  working  mines. 

ARCHEAN   ROCKS. 

Howell  found  fragments  of  granite  in  the  wash  which  c>ame  down 
from  Wheeler  Peak,  and  r<*garded  this  as  Archean,  underlying  the 
undoubtiHlly  ('ambrian  quartzite.  Farther  north,  on  the  east  face  of 
the  mountain,  and  on  the  north  side  of  the  gap  which  runs  trans- 
versely across  the  range  north  of  Wheeler  Peak,  the  writer  found 
abundant  s(?histose  granite  in  the  drift  and  in  one  locality  in  place. 
Where  it  was  found  in  place  it  seemed  to  lie  beneath  limestones  which 
are  probably  Cambrian,  with  no  intervening  quartzite.  Farther 
north,  also  on  the  eastern  side  of  the  range,  one  finds  continually 
huge  blocks  of  schistose  granite  mingled  with  the  blocks  of  schistose 
Cambrian  quartzite.  Upon  the  north  side  of  the  Kern  Mountains 
granite  is  found  in  contact  with  the  schistose  Cambrian  quartzite  and 
also  with  the  overlying  metamorphic  limestones.  The  central  portion 
of  the  Kern  Mountains  is  made  up  of  this  granite,  with  the  Cambrian 
rocks  on  the  flanks.  A  specimen  examined  microscopically  proved  to 
be  a  biotite-muscovite-granite,  approaching  alaskite.  On  the  borders 
of  the  granitic  mass  are  found  siliceous  granitic  dikes,  which  cut  the 
Cambrian  quartzite-schists.  At  one  locality,  which  is  on  the  south- 
west side  of  Plciisant  Valley  and  near  the  State  line,  is  found  a  broad 
belt  of  confused  alaskite  dikes  showing  a  tendency  to  change  into  a 
muscovite-biotite-granite  on  the  one  hand  and  into  large  quartz  veins 
on  the  other. 

Ilowell^  nott^s  that  at  tlie  head  of  Deep  Creek,  only  a  few  miles 
north  of  Pleasant  Valley,  the  erosion  of  the  creek  has  laid  bare  gran- 
ite underlying  the  quartzite  and  limestone.  From  here  northward  to 
Uiyabi  I*ass,  not  far  from  the  northern  end  of  the  range,  he  notes 
that  the  base  of  the  range  is  granite,  overlain  and  flanked  oh  the 
west  by  quartzite  and  limestone. 

From  these  evidences  it  would  seem  that  the  limestones  and  over- 
lying quartzites  which  form  the  base  of  the  stratified  series  in  the 
Snake  Range,  and  which  will  be  presently  shown  to  be  Cambrian,  are 
ordinarily  underlain  by  granite.     But  in  at  least  one  locality  similar 

aU.  S.  Geog.  Surv.  W.  One  Hnndrodth  Mer.,  Vol.  Ill,  p.  242. 
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granitic  rock  is  locall}'^  intrusive  into  the  Cambrian  strata,  and  the 
same  has  been  suspected  in  other  places.  From  the  fact,  however, 
that  the  intrusive  phenomena  are  of  minor  importance,  and  also  from 
the  circumstance  that  where  the  Cambrian  quartzite  is  schistose  the 
underlying  granite  also  shows  signs  of  movement,  the  writer  inclines 
to  the  belief  that  the  granite  as  a  whole  is  really  Archean  and  is  the 
basement  upon  which  the  Cambrian  quartzites  were  laid  down.  So 
thick  a  series  of  quartzites  (amounting  to  several  thousand  feet) 
naturally  suggests  a  granitic  land  mass  as  their  source.  As  regards 
t  he  occasional  intrusive  phenomena,  it  is  possible  that  these  represent 
occasional  outbursts  of  molten  rock  which  found  its  way  from  the 
lower  and  more  heated  regions  up  through  the  crust  of  hard  Archean 
granite  and  into  the  overlying  Cambrian,  being  intrusive  into  the 
Upper  Archean  as  well  as  into  the  quartzites,  although  belonging  prac- 
tically to  the  same  body  as  the  basement  granite.  The  writer  would 
suggest  that  this  explanation  may  possibly  apply  to  Big  Cottonwood 
Canyon,  in  the  Wasatch,  near  Salt  Lake  City,  whei'e  the  granite  was 
originally  believed  to  be  Archean,  but  where  later  observers  have 
noted  intrusive  phenomena." 

SEDIMENTARY   ROCKS. 
CAMBRIAN. 

In  the  southern  part  of  the  range,  at  Wheeler  Peak,  there  are  heavy 
quartzites  dipping  in  all  directions,  forming  a  gentle  quaquaversal. 
Howell*  notes  the  same  quartzites  for  some  distance  south  of  the  peak, 
overlain  by  heavy  bluish-gray  limestones.  He  estimates  the  lime- 
stones as  4,000  to  5,000  feet  thick,  and  the  underlying  quartzite  at 
not  less  than  1,000  feet. 

North  of  Wheeler  Peak,  at  the  mining  ciimp  at  Osceola,  the  writer 
observed  these  quartzites,  and  found  on  the  mountain  just  south  of 
the  camp  about  500  feet  of  pure  white  quartzite  underlain  by  about 
2,000  feet  of  massive  gray  quartzite,  with  some  silvery  slate.  At 
Osceola  there  is  an  east-west  fault  which  brings  together  a  massive 
brown  craggy- weathering  quartzite  on  the  north  side  and  the  silvery 
slate  with  quartzite  bands  on  the  south.  Above  the  quartzite,  one  mile 
east  of  Osceola,  there  is  a  high  bluff  of  dark-blue  frosty  lustered  silice- 
ous limestone  with  indistinct,  probably  organic,  markings,  similar  to 
the  limestimes  just  west  of  here,  in  the  Schell  Creek  Range.  About  a 
mile  farther  east  the  slight  westerly  dip  of  the  limestones  brings  up 
the  same  underlying  silveiy  slates  as  were  noted  in  the  neighborhood 
of  Osceola  and  also  in  the  Schell  Creek  section  at  the  same  horizon. 
The  limestones  in  the  neighborhood  of  Osceola  were  estimated  at 
1,000  feet  thick,  while  the  slates,  as  exposed  in  the  Schell  Creek  sec- 
tion, were  roughly  estimated  at  from  4,000  to  5,000  feet.     A  short 


aC.  R.  Van  Hise.  Correlation  Papers,  Archean  and  Algonkian:  Bull.  U.  S.  Geol.  Survey  No.  86, 
p.  289. 
b\J.  S.  Geog.  Surv.  W.  One  Hundredth  Mer.,  Vol.  UI,  p.  241. 


Digitized  by 


Google 


28  GEOLOGY   OF   NEVADA  SOUTH   OF  40TH   PARALLEL.    [BUtuflB. 

distance  farther  east  the  slates  are  underlain  by  300  feet  of  brown 
quartzite  like  that  at  Osceola,  below  which  comes  600  feet  of  gray 
quartzite. 

The  following  observations  have  been  directly  communicated  to  the 
writer  by  Mr.  F.  B,  Weeks,  who  made  an  extended  trip  in  the  Great 
Basin  region  in  the  summer  of  1900: 

A  few  himdred  feet  below  the  summit  of  the  ridge  south  of  Osceola  fossils  were 
found  in  the  limestone  and  have  been  determined  by  Mr.  Walcott  as  Lower 
Cambrian. 

About  8  miles  northeast  of  Osceola  the  center  of  the  range  is  occupied  by  hard 
and  massive  drab  and  blue  limestones,  in  which  fossils  collected  at  two  localities 
have  been  determined  by  Mr.  Walcott  to  be  Middle  Cambrian  forms.  These  Cam- 
brian limestones  are  succeeded  by  Ordovician  limestones. 

We  have,  then,  in  the  neighborhood  of  Osceola  a  section  of  sedimen- 
tary rocks  resting  upon  the  basal  granite  and  consisting  of  at  least  2,500 
feet  of  quartzites,  succeeded  by  a  thickness  of  silvery,  somewhat 
micaceous  slates  of  uncertain  but  probably  considerable  thickness, 
and  these  by  at  least  a  thousand  feet  of  metamorphic  limestones. 
The  section  is  identical  with  that  just  west  of  here,  in  the  Schell  Creek 
Range. 

About  20  to  25  miles  south  of  AVheeler  Peak  Cambrian  limestones, 
overlain  by  Ordovician  limestones,  were  also  observed  by  Mr.  Weeks. 

All  along  the  eastern  side  of  the  Snake  Range,  north  of  Wheeler 
Peak,  is  found  the  same  section,  although  the  overlying  silvery  slates 
often  become  more  quartzitic  and  pass  into  quartzite-schists.  Just 
north  of  the  east- west  gap  crossing  the  range  north  of  Wheeler  Peak 
a  series  of  2,500  to  3,000  feet  of  craggy-weathering  brown  or  black 
considerably  altered  limestones,  reticulated  by  many  veins  and  highly 
jointed,  was  gone  through.  In  this  limestone  no  fossils  were  seen,  but 
above  it  is  found  limestone  with  Coal  Measures  fossils.  The  lower 
limestone  is  believed  to  be  in  part  Cambrian,  for  below  it  was  found  a 
belt  of  about  200  feet  of  black  shale,  in  which  a  number  of  foasils 
were  collected,  which  were  determined  by  Mr.  C.  D.  Walcott  to  be 
Cambrian.  Below  this  shale  comes  a  peculiar  50-foot  bed  of  white 
marble,  banded  with  gray,  and  beneath  this  upward  of  1,500  feet  of 
highly  schistose  quartzite,  producing  the  effect  of  a  silvery  slate. 

From  here  north  to  the  transverse  gap  which  cuts  across  the  range 
south  of  the  so-called  Kern  Mountains,  one  finds  almost  continuously 
the  same  quartzite-schists  at  the  bottom  of  the  section,  sometimes 
nearly  approaching  the  condition  of  a  mica-schist.  Above  this  come 
heavy  l>edded  limestones,  which  weather  brown,  and  which  carry 
indistinct  and  indeterminable  fossil  remains.  Midway  between  the 
northern  end  of  the  main  portion  of  the  Snake  Range,  south  of  the 
Kem  Mountains,  and  the  Kern  Mountains  themselves,  the  same 
metamorphic  limestone  was  found  in  a  butte. 

From  observations  all  along  this  face  of  the  range  the  thickness  of 
the  metamorphic  limestone  was  estimated  at  about  5,000  feet.    A  spec- 
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imen  of  the  limestone  examined  appeared  to  contain  indistinct  traces 
of  organic  forms,  but  was  thoroughly  recrystallized. 

At  the  southeastern  end  of  the  Kern  Mountains  the  same  highly 
altered  limestone  was  found.  Farther  northwest,  toward  the  heart  of 
the  mountains,  this  is  underlain  by  highly  altered  quartzite-schists 
with  an  intercalated  band  of  marble  similar  to  the  section  desoribed 
farther  south.  The  schist  is  cut  by  numerous  dikes  of  siliceous  granitic 
rock,  as  above  described.  Thin  sections  of  the  schist  examined 
proved  that  it  was  originally  quartzite,  but  the  more  metamorphosed 
specimens  showed  the  development  of  biotite  and  muscovite  along 
sliding  planes,  producing  a  muscovite-biotite-quartzite-sohist. 

In  the  mountains  on  the  north  side  of  Pleasant  Valley  Mr.  Howell  <* 
has  noted  that  the  range  is  composed  of  quartzite  overlying  granite 
and  itself  overlain  by  limestone.  He  also  notes  that  there  is  fre- 
quently a  little  shale  between  the  limestone  and  the  quartzite.  At 
Uiyabi  Pass  he  estimated  the  limestone  at  from  3,000  to  5,000  feet. 
He  found  there  only  from  200  to  400  feet  of  ^^uartzite  between  the 
granite  and  the  limestone. 

Along  the  north  side  of  Pleasant  Valley,  at  the  base  of  the  Deep 
Creek  Mountains,  the  writer  noted  the  continuation  of  the  altered 
limestones  that  overlie  the  quartzites  and  shales  of  the  Kern  Moun- 
tains. This  limestone  was  traced  northwestward  to  the  gap  though 
which  the  road  runs  northward  to  Deep  Creek.  Immediately  west 
of  here  it  is  replaced  by  less  altered  limestone  caiTying  Coal  Meas- 
ures fossils.  ' 

We  have,  therefore,  extending  nearly  the  whole  length  of  the 
Snake  Range,  for  100  miles  at  least,  a  heavj-  quartzite  resting  upon  a 
basement  of  granite  and  overlain  by  slates,  which  in  turn  are  overlain 
by  massive  metamorphic  limestones.  The  thickness  of  the  quartzite 
in  the  neighborhood  of  Osceola  was  estimated  at  not  less  than  2,500 
feet,  while  Mr.  Howell  found  only  200  or  400  feet  at  the  northern  end 
of  the  Deep  Creek  Range.  The  thickness  of  the  overlying  shales  or 
slates  seems  to  be  likewise  small  at  the  northern  end  of  the  range, 
while  in  the  neighborhood  of  Osceola  it  is  considerable,  and  was 
roughly  estimated  by  the  writer,  partly  by  comparison  with  the 
adjacent  Schell  Creek  Range  section,  to  be  4,000  to  5,000  feet.  The 
thickness  of  the  massive  limestones  above  was  estimated  by  Mr. 
Howell  at  Wheeler  Peak  at  from  4,000  to  5,000  feet;  by  the  writer,  at  a 
point  some  distance  farther  north,  at  about  5,000  feet;  and  by  Mr. 
Howell  at  Uiyabi  Pass  at  from  3,000  to  5,000  feet.  But  at  the  latter 
locality  Howell  found  Carboniferous  fossils,  so  that  at  least  the  upper 
part  of  the  limestone  here  can  not  be  included  with  the  Cambrian. 

The  whole  section  corresponds  in  its  chief  features  to  the  Cambrian 
section  of  the  Schell  Creek  Range,  the  Highland  Range,  and  the  section 
at  Eureka,  and  the  Cambrian  fossils  found  in  the  shale  horizon  above 
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menlioued  confirins  lb**  correlation.     Wo  have  therefore  a   roughly 
estimated  thickness  of  at  least  12,5()0  feet  of  Cambrian  in  this  range. 


On  the  road  which  runs  east  fix)m  Osceohi  there  was  observed  a 
hard  white  quartzite  about  4iJ()  feet  tliick,  which  wjis  recognizt^d  in 
thQ  fieUl  as  similar  in  every  respect  to  the  Silurian  Eureka  quartzit4? 
of  tlie  Eureka  se<'tion. 

Northeast  of  this  U)cality,  about  4  niih^s  north  of  Robinson's 
ranch  (PI.  IV,  ^4),  a  compact  conglonu^rate,  which  will  i)res«3iitly  l)e 
descril^ed  as  i)robably  Mesozoic  or  Tertiary,  contains  large  quanti- 
ties of  similar  white*  quartzite,  together  with  limestone  f moments. 
From  some  of  the  limestone  fragments  the  following  Ordovician 
(Lower  Silurian)  fossils  were  obtained  and  identified  by  Prof.  E.  O. 
Ulrich: 

Lei)erditi»  fnbulites  Connwl.  variety. 
Is(x;hilina.  sp.  undet. 
Lophospira,  sp.  cf.  L.  biriucta  Hall. 
Fragments  of  an  Orthis  near  Tricenaria. 

These  conglomerates  pass  laterally  into  limestones  and  white 
quartzites,  whence  they  are  derived.  TIk*  Leperditia  above  men- 
tioned is  found  in  the  Pogonip  terrane  at  Eureka,  so  that  the  lime- 
stone here  is  very  likely  of  the  same  horizon.  This  also  sti*engthens 
the  previous  tentative  assignment  of  the  quartzite  to  the  Silurian. 

Eight  miles  northeast  of  Osceola,  in  the  center  of  the  range,  ^fr. 
F.  B.  Weeks^  observed,  overly  ing  Cambrian  limestones,  a  differ<»nt 
series  of  jmrple,  drab,  and  white  limestones,  in  which  the  following 
Ordovician  fossils  were  found  (<l(*t<'rmined  by  Professor  Ulrich): 

Fragments  of  crinoid  colunmH. 

Orthis  (cf.  lonensis  and  holstoni). 

Dalmanella  (cf.  testudinaria). 

Dalmanella  (cf.  emacerata). 

Dalmanella  (cf.  i)erveta  and  pogunilM^isis). 

Brachiopod  of  undetermined  relations. 

Maclurea. 

Eccylioptems  (near  owenanns  (H.  &  W.)  Fh*.). 

Helic()tx)ma  sp.  iindet. 

Lophospira? 

Cyrtoceras  ?  (very  small). 

Related  to  Seninlites  dissohitns  Billings. 

Asaphns — fragments.    ( I ) 

ALsaphns.  (2) 

AsaphuH  sj).  undet.         (3) 

Asaphns  (cf.cnriosu8).( 4) 

Bathyurus  sp.  undet. 

Cyphaspis  ?  sp.  imdet. 

Two  undet.  trilobites. 

Xllaenus  (cf.  aniericanus  Billings). 

Amphion  (near  salteri  Billings). 

Amphion  nevadensis  Walcott. 


a  Personal  communication  to  the  writer. 
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Mr.  Weeks  states  that  about  20  to  25  miles  south  of  Wheeler  Peak, 
in  the  bold  escarpment  1,500  to  2,000  feet  in  height  which  faces  Spring 
Valley,  the  Ordovician  limestones  abut  against  tlie  Cambrian  with  a 
very  high  angle  of  dip.  In  this  series  the  following  fossils,  deter- 
mined by  Professor  Ulrich,  have  been  collected : 

First  lot. 

Orthis  (near  tricenaria). 

Orthis  (?  type  of  plicatella). 

Orthis  (cf .  bellarugosa) . 

Orthis  n.  sp.  (near  O.  holstoni  Safford). 

Dalmanella  (type  of  testudinaria) . 

Dalmanella  (tyx)e  of  perveta). 

Dalmanella. 

Hormotoma  (near  gracilis). 

Leperditia  bivia  White. 

Leperditella  sp. 

Leperditella  ?  sp. 

Schmidtella  n.  sp.  (nearcrassimarginata). 

Bathyurus  (?  Dikellocephalus) .     Occurs  elsewhere. 

Bathynrus. 

Amphion. 

Asaphns. 

Ajsaphns. 

Asaphns  ?  curiosus  (Billings)  Walcott. 

Second  lot. 

Fragments  of  large  cystidean  or  Carabocrinus. 

Orthis  tricenaria-costalis. 

Orthis  pogonipen.sis  ? 

Orthis  n.  sp.  (near  O.  holstoni  Safford). 

Elccyliopterus — fragment. 

Endoceraa  of  new  type. 

Leperditia  bivia  White. 

Leperditia  n.  sp.  (near  bivia  and  fabulites). 

Leperditia  n.  sp.  (semipnnctate). 

Schmidtella  n.  sp.  « 

Hlfienns  sp.  (?  Thaleops) . 

Amphion  nevadensis  Walcott. 

Bathynrus  ?  n.  sp.     (Occurs  at  many  localities.) 

These  fossils  are  types  that  were  found  by  Mr.  Walcott  in  the 
Lower  Pogonip  (Ordovician)  at  Eureka,  and  it  is  not  probable  that 
an  erosion  interval  of  much  importance  occurs  at  this  horizon. 

The  Carboniferous  strata  lie  unconformably  upon  the  Ordovician 
in  nearly  horizontal  position,  and  form  the  remaining  portion  of  the 
Snake  Range.  Between  the  Ordovician  and  the  Carboniferous  there 
is  a  great  interval  of  nondeposition,  since  the  Eureka  quartzite,  the 
Lone  Mountain  limestone  of  the  Silurian,  and  the  whole  of  the 
Devonian  as  exposed  at  Eureka,  are  wanting  in  this  section. 
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CARBONIFEROUS. 

Mr.  F.  B.  Weeks**  reports  that  near  the  southern  end  of  the  Snake 
Range  the  Lower  Silurian  (Pogonip)  rocks  are  directly  overlain  by 
Carboniferous  limestones.  There  is  here  a  gap  in  the  Paleozoic  sec- 
tion. The  upper  formations  of  the  Silurian  as  exposed  at  Eureka 
(the  Eureka  quartzite  and  the  Lone  Mountain  limestone)  are  wanting, 
as  well  as  the  whole  Devonian  section  (8,000  feet  thick  at  Eureka). 
In  a  low  pass  near  the  southern  end  of  the  Snake  Range  Carbonifer- 
ous fossils  were  found,  which  were  determined  by  Dr.  Girty  as  con- 
taining species  of  Zaphrentis,  Syringopora^  and  Relicvlaria, 

In  the  section  across  the  range  eastward  from  Osceola,  and  just 
north  of  Wheeler  Peak,  the  Cambrian  rocks  are  succeeded  to  the 
east  by  a  (ionglomerate  made  up  chiefly  of  the  peculiar  metamorphic 
Cambrian  limestones,  and  also  containing  pebbles  of  the  quartzite 
and  calcite  veins  which  these  limestones  hold.  Between  this  locality 
and  the  next  outcrop  to  the  west  (which  consists  of  Cambrian  quartz- 
ite and  limestones),  there  is  a  gap  of  a  few  miles,  covered  by  a  drift 
in  which  no  rock  outcrops  were  observed.  Succeeding  this  on  the 
east  is  dark-gray,  somewhat  fetid,  calcite- veined  limestone,  which  is 
very  fossiliferous.  This  locality  yielded  the  following  Upper  Carbon- 
iferous fossils,  which  were  determined  by  Dr.  George  H.  Girty: 

Fistulipora  ?  sp. 
Productus  n.  sp. 
Productws  8p. 
Margin! f era  spleudens. 
Spirifer  boonensis. 
Ambocoelia  planiconvexa. 
Seminula  subtilita. 

This  is  lithologically  the  same  rock  as  the  lJpi>er  Carboniferous  on 
the  west  side  of  the  Schell  Creek  Range,  where  it  also  abuts  against 
the  Cambrian. 

This  fossiliferous  bed  is  succeeded  farther  east  by  similar  limestones 
and  by  beds  of  ferriferous  quartzite.  After  about  three-quarters  of  a 
mile  there  comes  in  about  400  feet  of  hard  white  quartzite,  which  is 
supposed  to  be  Silurian.*  The  dip  of  this  flattens  so  that  it  forms  the 
outcrops  and  the  tops  of  the  hills  for  a  half  mile  east.  Then  comes 
in,  farther  east,  conglomerate  made  up  of  limestone  fragments  in  a 
reddish,  finely  triturated  matrix.  The  fragments  yielded  the  follow- 
ing Upper  Carboniferous  fossils,  which  were  identified  by  Dr.  George 
H.  Girty: 

Productna  prattenianus. 
Productus  portlockianus? 
Marginifera  splendens. 
Spirifer  cameratus. 
Seminula  mira? 

a  Personal  commuDication  to  the  writer. 
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Proceeding  northward  from  this  point  along  the  eastern  face  of  th<B 
mountains,  tliere  was  found,  about  4  miles  north  of  Robinson's  ranch, 
a  compact  red  conglomerate,  made  up  mostly  of  white  quartzite  and 
crystalline  limestone  full  of  calcite  veins.  The  limestone  fragments 
yielded  the  following  Ordovician  (Lower  Silurian)  fossils,  which  were 
identified  by  Dr.  George  II.  Girty:  Fragments  of  Orthis  sp.  and 
Leperditia  hivia. 

From  another  fragment  the  following  Upper  Carboniferous  fossils 
were  obtained:  Rhomhopora?  sp.  and  lamellibranch  fragments. 

The  angular  shape  of  these  fragments  proves  a  shore  formation. 
Two  hundred  yards  north  the  conglomerate  passes  laterally  and 
rapidly  into  the  solid  rocks  from  which  it  is  derived — black,  dark- 
blue,  and  gray  limestones,  thoroughly  seamed  and  crushed,  and  white 
quartzite,  having  nearly  the  same  attitude  as  the  conglomerates.  The 
solid  limestone  carries  fossils  like  those  in  the  conglomemte.  Follow- 
ing the  section  northward,  one  passes  through  2,500  or  3,000  feet  of 
limestone  to  a  belt  of  black  shale  in  whicJi  Cambrian  fossils  were 
found',  as  determined  by  Mr.  C.  I).  Walcott. 

From  here  northward  as  far  as  Pleasant  Valley  no  Carboniferous 
fossils  were  found.  On  the  north  side  of  Pleasant  Valley  the  meta- 
morphic  limestones,  which  have  been  referred  to  the  Cambrian,  are 
succeeded  to  the  west,  near  the  gap  where  the  road  to  Deep  Creek 
runs,  by  comparatively  unaltered  although  calcite- veined  limestones, 
which  carry  the  following  Upper  Carboniferous  fossils,  as  determined 
bj'  Dr.  George  11.  Girty: 

Romingeria?  sp. 
Fenestella  sp. 
Prodnctns  prattenianns. 
Seminnla  inira? 
Pngnax  rockymontamis. 
Dielasma?  sp. 
Edmondia?  sp. 
Plenrotomaria  sp. 
Bellerophon  crassus? 

Farther  north,  at  Uiyabi  Pjuss,  near  the  northern  end  of  the  range, 
Mr.  Howell  found  a  few  fossils,  among  them  FiisidinacyJindricay  which 
indicate  Carboniferous  age.  These  fossils  were  found  in  Carbonifer- 
ous limestone  which  lies  above  the  Cambrian  quartzite,  and  probably 
in  the  upper  part  of  the  limestone,  the  lower  part  being  presumably 
Cambrian.*  This  limestone,  according  to  Mr.  Howell,*  is  about  4,000 
or  5,000  feet  thick. 

MESOZOIC  OR  TERTIARY. 

As  described  above,  there  was  found  on  the  road  leading  east  from 
Osceola  a  folde<l  conglomerate  made   up  of  coarse  limestone  frag- 


a See  p.  29.  h\],  s.  Geog.  Surv.W.  Que  HundredtU  Mor.,  Vol.  lU,  p.  242. 
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mentH  carrying  Upper  Carboniferous  fossils  and  evidently  derived 
from  immediately  adjacent  Upper  Carboniferous  strata.  This  con- 
glomerate may  be  part  of  a  series  which  was  examined  for  4  miles 
farther  east,  and  seems  to  consist  mostly  of  gray  sandstones.  The 
sandstones  are  tilted  toward  the  west,  sometimes  at  angles  of  45°,  but 
in  one  place  seem  unconformable  with  a  knob  of  underlying  lime- 
stone. In  the  mountains  a  few  miles  north  of  Robinson's  ranch,  as 
before  noted,  there  was  found  a  compact  red  shore  conglomerate, 
composeil  of  limestone  fragments  carrying  Ordovician  and  Upper 
Carboniferous  fossils.  This  is  100  feet  thick,  and  below  it  comes  50 
feet  of  consolidated  black  limestone  talus;  below  the  talus  is  again 
500  feet  of  reddish  conglomerate.  This  series  dips  45°  to  the  west, 
but  200  yards  farther  north  it  seems  to  pass  laterally'  into  the  solid 
rocks  from  which  it  is  derived. 

It  thus  appears  that  above  the  Upper  Carboniferous  limestone,  and 
separated  from  it  by  a  distinct  erosion  interval,  if  not  by  an  uncon- 
formity, is  a  thick  series  of  gray  sandstones  and  limestone  conglomer- 
ates. We  have  no  means  of  determining  the  age  of  these  rocks. 
In  its  physical  characters  the  series  corresponds  roughly  to  the  Trias- 
sic  described  in  the  Wasatch  and  eastward  by  Mr.  King.«  It  may 
also  be  possibly  Eocene.* 

PLIOCKNK. 

At  the  southeastern  end  of  Pleasant  Valley  is  a  considerable  area  of 
level-topped  hills,  which  rise  about  1,500  feet  above  the  valley,  and  are 
symmetrically  eroded.  They  are  composed  of  horizontal,  slightly  con- 
solidated sands,  with  ledges  of  conglomerates.  At  the  base  of  the 
series  the  material  is  coarse  and  little  arranged. 

Just  north  of  here,  on  the  west  side  of  Deep  Creek  Valley,  Mr. 
Emmons **  has  described  beds  of  line  sand  and  marls,  with  some  gravel 
conglomerate,  and  notes  that  they  have  a  general  lithologic  resem- 
blance to  the  Humboldt  Pliocene. 

The  Pleasant  Valley  strata  also  correspond  in  general  appearance 
to  the  supx)osedly  Pliocene  sands  and  gravels  which  are  found  over  so 
large  a  part  of  Nevada.  They  are  far  above  the  shore  of  I^ake  Bonne- 
ville, as  indicated  b}'  Mr.  Gilbert,^  and  therefore  appear  to  belong  to 
a  body  of  water  more  ancient  and  probably  more  extensive  than  the 
Pleistocene  lake 

PLEISTOCENE. 

Mr.  Emmons^  noted  at  the  northern  end  of  the  Deep  Creek  (or 
Ibenpah)  Range  the  terraces  of  a  former  lake,  of  which  the  highest  was 


"U.  S.  (Jeol.  Expl.  Fortieth  Par  ,  Vol.  I,  pp.  280,  ^86,  344. 

Mbid.,  p.  375. 

oldem.  Vol.  II,  p.  475. 
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abotit  800  feet  alK>ve  the  desert  level.  This  is  perhaps  one  of  the 
terraces  of  the  Pleistocene  Lake  Bonneville,  afterwards  described  by 
Mr.  Gilbert. 

IGNEOUS  ROCKS. 

LAVAS. 

At  the  southeastern  end  of  Pleasant  Valley  o<;curs  a  series  of  small 
buttes  of  homblende-andesite.  On  the  west  end  of  this  valley  a  mod- 
erately large  area  at  the  base  of  the  mountains  is  of  augite-aleutite. 

DIKE    ROCKS. 

Along  the  north  side  of  the  Kern  Mountains,  in  Pleasant  Valley, 
many  acid  dike  rocks,  varying  from  siliceous  alaskite  to  muscovite- 
biotite-granite,  were  found  cutting  the  Cambrian  quartzites  and 
limestone.  Associated  with  these  dike  rocks  are  abundant  quartz 
veins.  It  is  believed  that  these  dikes  have  some  connection  with  the 
probable  Archean  granite  which  underlies  the  quartzites.  A  specimen 
of  this  granite,  taken  a  few  miles  west  of  the  dikes,  proved  to  be 
biotite-muscovite-granite. 

STRUCTURE. 
FOLDS. 

The  general  structure  of  the  Snake  Range,  between  Wheeler  Peak 
and  the  Kern  Mountains,  appears  to  be  anticlinal,  although  the  rocks 
are  mostly  worn  away  from  the  eastern  limb.  The  axis  of  the  fold 
runs  along  the  east  side  of  the  mountains  and  is  marked  by  a  north- 
south  depression,  with  high  hills  to  the  east  and  the  bulk  of  the 
range  to  the  west.  The  general  dip  on  both  sides  of  the  axis  is  i>er- 
haps  not  more  than  20°,  although  it  increases  locally  to  45°  and  even 
more. 

In  the  neighborhood  of  Wheeler  Peak,  also,  the  ix)cks  form  a 
gentle  anticline.  There  is  also  cross  folding,  with  an  east- west  axis, 
so  that  the  peak  occupies  the  center  of  a  quaquaversal.  A  short  dis- 
tance soitth  of  the  peak  the  western  half  of  the  principal  north-south 
striking  anticline  is  removed,  leaving  the  ridge  monoclinal.'' 

At  the  northern  end  of  the  range  Mr.  Howell*  noted  that  the  struc- 
ture of  the  range  is  anticlinal  at  Uiyabi  Pass,  but  from  there  to 
Pleasant  Valley  it  is  apparently  monoclinal,  only  one  limb  of  the  anti- 
cline being  exposed. 

The  Kern  Mountains,  south  of  Pleasant  Valley,  appear  to  consist 
of  an  anticlinal  fold,  with  northwest- southeast  axis  transverse  to  the 
general  trend  of  folding 

FAULTS. 

Mr.  Howell*  noted  a  cross  fault  running  east  and  west  about  4  or  6 
miles  north  of  Wheeler  Peak,  having  a  downthrow  to  the  south. 

«  U.  S  Geog.  Surv.  W.  One  Hundredth  Mer.,  Vol.  UI,  p.  HiU  b  Ibid. 
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The  writer  recognized  this  fault,  and  4  or  5  miles  north  of  it  a  parallel 
fault,  which  seems  also  to  have  been  downthrown  to  the  south. 

Mr.  Weeks''  states  that  about  10  miles  northeast  of  Osceola,  in  the 
central  part  of  the  range,  the  Cambrian  limestones  are  broken  by 
numerous  faults  which  strike  northwest  and  southeast.  The  massive 
blue  limestones  which  form  the  upper  part  of  the  series  are  repeated 
several  times  by  small  faults  of  200  to  300  feet  throw.  The  general  dip 
of  the  Cambrian  series  is  to  the  north-northwest,  and  the  dip  of  the 
Ordovician  to  the  east-northeast.  There  appears  to  have  been  an 
upthrust  of  the  Cambrian  which  has  brought  the  successive  limestone 
beds  of  the  series  in  juxtaposition  with  the  Ordovician.  The  existence 
of  a  heavy  fault  between  the  Cambrian  and  Ordovician  is  clearly  seen 
in  the  southern  portion  of  the  Snake  Range. 

On  the  north  side  of  the  Kern  Mountains  a  belt  of  quartz  veins  and 
siliceous  granitic  dike  rocks,  running  northwest  along  the  base  of  the 
mountains,  appears  to  be  along  a  fault  zone.  On  the  north  side  is  the 
crystalline  nearly  black  Cambrian  limestone,  while  on  the  south  side 
come  schists  which  represent  the  top  of  the  underlying  Cambrian 
quartzite.  The  vertical  separation  of  the  fault  is  probably  at  least 
several  hundred  feet. 

ORES. 

At  Osceola,  just  north  of  Wheeler  Peak,  the  Cambrian  quartzit-es 
and  slates  carry  gold.  Considerable  placer  and  some  vein  gold  has 
been  taken  from  this  district. 

On  the  east  side  of  the  range  there  are  small  mines  and  prospects 
in  a  number  of  places.  In  some  localities  the  coincidence  of  mineral- 
ization with  the  presence  of  a  spring  flowing  in  a  l>ox  canyon  leads  to 
the  hypothesis  that  it  was  these  same  waters  which  formerly  brouglit 
al>out  the  ore  deposition.  Along  the  walls  of  such  canyons,  high 
alwve  the  present  bed,  ancient  water  channels  in  the  limestone  rock 
show  that  the  spring  has  existed  since  near  the  time  when  the  erosion 
of  the  canyon  began. 

CEDAR  RANGE  AND  CLOVER  VALLEY  MOUNTAINS. 

The  Cedar  Range  consists  of  broad,  irregular,  often  mesa-like  hills, 
lying  south  of  the  Snake  Range  and  northeast  of  Pioche.  South wanl 
from  the  Cedar  Range,  and  l)etween  it  and  the  Mormon  Range,  there 
lies  to  the  east  of  Meadow  Valley  a  wide  area  of  irregular  mountains 
with  no  definite  system  of  ridges.  In  these  mountains  is  Clover 
Valley,  whence  is  taken  the  name  applied  here. 

The  Cedar  Range  and  the  Clover  Valley  Mountains  may  be  consid- 
ered together  for  purposes  of  description.  They  have  been  partly 
mapped  by  the  Wheeler  survey,*  and  they  have  been  observed  by  the 
writer  at  several  points.  So  far  as  known,  they  consist  entirely  of 
lavas. 


«  Personal  communication  to  the  writer. 

^U.  S.  Geog.  Sorv.  W.  On©  Hundredth  Mer.,  atlas,  geologic  map  No.  68. 
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The  geology  of  these  mountains  has  not  been  studied  in  detail,  but 
it  is  undoubtedly  much  the  same  as  that  described  in  Meadow  Valley 
Canyon,**  which  is  a  chasm  cut  deep  into  the  same  volcanic  series. 
By  analogy  with  the  rocks  in  this  canyon,  we  may  suppose  that  the 
lavas  of  the  mountains  under  consideration  are  associated  with  de- 
rived sediments  and  that  these  lavas  were  ejected  at  different  periods. 
The  rock  species  will  probably  be  found  to  be  varied,  ranging,  as 
in  Meadow  Valley  Canyon,  from  basal  rhyolite  through  andesites, 
dacites,  latites,  etc.,  to  the  youngest  rhyolite  and  oli vine-basalt. 

ANTELOPE  RANGE. 

The  Antelope  Range  is  a  comparatively  insignificant  group,  about 
30  miles  long,  lying  just  west  of  the  northernmost  portion  of  the 
Snake  Range  (Deep  Creek  Range). 

The  central  part  of  the  range  possesses  a  topography  of  considerable 
relief,  with  an  especially  bold  face  on  the  east  side  (PI.  IV,  B),  while  on 
the  north  and  on  the  south  ends  the  mountains  give  way  to  low  hills, 
which  finally  disappear  under  the  Pleistocene  detritus  of  the  valleys. 

SEDIMENTARY   ROCKS. 

On  the  eastern  side  of  the  ransre,  about  3  miles  west  of  Warm 
Springs,  the  Eureka  quartzit^  is  exposed  near  the  base  of  the  moun- 
tains, measuring  about  200  feet  in  thickness.  Above  this  come  700  to 
800  feet  of  dark-blue  (probably  Lone  Mountain)  limestone,  having  the 
characteristic  texture  of  this  formation  in  the  Eureka  district.  From 
here  to  the  crest  of  the  range  comes  limestones  (probably  Devonian?) 
consisting  of  dark-blue  and  gray  alternating  bands.  From  the 
extreme  base  of  the  mountains  the  following  fossils  were  found: 
Leperditiahivia?  Whi to  (very  poor);  DahnaneUa  jyeri'eiaf  They  are 
Ordivician  (Lower  Silurian)  species,  as  determined  by  Prof.  E.  O. 
Ulrich.  ITiese  fossils  are  characteristic  of  the  Pogonip  horizon  at 
Eureka. 

To  the  north  of  this  locality,  along  the  eastern  face  of  the  moun- 
tains, the  strata  lower  gently,  so  that  the  probable  Lone  Mountain 
and  Nevada  formations  (Upper  Silurian  and  Devonian)  extend  for 
several  miles.  To  the  south  the  strata  rise  and  the  Eureka  quartzite 
passes  half  way  to  the  top  of  the  mountains,  exposing  the  underlying 
Pogonip  (Lower  Silurian)  beds. 

This  belt  of  stratified  rocks  is  cut  off  to  the  north  and  to  the  south 
by  the  volcanic  rocks  which  form  the  greater  part  of  the  range. 

IGNEOUS  ROCKS. 

Along  the  eastern  base  of  the  range,  at  the  foot  of  the  mountains 
composed  of  Paleozoic  strata,  there  is  a  belt  of  foothills  about  3  miles 
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wide  eoinposed  of  lava.  The  same  lava  evidently  underlies  the 
detrital  dei)08its  in  the  whole  valley  between  the  Antelope  Mountains 
and  the  Kern  Mountains  in  the  Snake  Range,  as  is  evidenced  by  occa- 
sional volcanic  buttes  which  project  above  the  Pleistocene  detritus. 
A  few  miles  south  of  Warm  Springs,  near  Antelope  Spring,  the  vol- 
canic rock  invades  the  stratified  rock  in  large  masses  and  soou  forms 
the  whole  of  the  mountains.  From  this  point  along  the  road  which 
leads  from  the  southern  part  of  the  Antelope  Mountains  to  Schellboome 
and  Cherry  Creek  there  is  nothing  but  the  same  reddish  lava,  and, 
so  far  as  was  seen,  the  lava  seemed  to  extend  northward  to  the  end  of 
the  range. 

Specimens  of  the  lava  collected  at  various  points  throughout  the 
southern  part  of  the  range  prove  to  be  in  general  a  pyroxene-aleutite. 
It  is  essentially  the  same  rock  which  stretches  across  the  intervening 
valley  to  the  foothills  at  the  west<*rn  base  of  the  Snake  Range,  north 
of  the  Kern  Mountains.  The  same  body  of  lava  also  fills  the  whole 
valley  between  the  Antelopi*  Mountains  and  the  northern  part  of  the 
Schell  Creek  Range,  and  extends  to  the  summit  of  this  range. 

The  lava  constituting  the  northern  part  of  the  range  has  been 
descril>ed  by  Mr.  Emmons"  as  rhyolite. 

STRUCTURE. 

Where  the  Paleozoic  rocks  are  exposed  in  the  Antelope  Range  the 
strike  is  in  general  north  and  south  and  the  dip  2^  W.  On  the  west- 
ern borders  of  the  Snake  Range,  directly  east  of  here,  they  have  a 
general  dip  of  15"  E.  The  intervening  valley  is,  therefore,  perhaps 
anticlinal.  The  structure  of  the  stratified  rocks  of  the  Antelope 
Mountains  is  obscured  by  the  overlying  lavas. 

SCHELL  CREEK  AND  HIGHLAND  RANGES. 

The  Schell  Civek  Range  has  its  northern  end  at  the  fortieth  par- 
allel (PI.  Ill,  B)  and  extends  from  heiv  southward  about  100  miles  to 
Patterson.  Here  a  slight  gap  separates  it  from  the  Highland  Range, 
which  is  a  dire(*t  continuation  of  it.  The  Highland  Range  extends 
from  Patterson  southward  for  about  80  miles,  when  it  runs  into  the 
Meadow  Valley  Range,  from  which  it  is  separated  by  no  distinct  gap. 
The  Meadow  Valley  Range  will  be  described  later. 

SEDIMENTARY    ROCKS. 
CAMBRIAN. 

At  the  northern  end  of  the  Schell  Creek  Range,  in  the  vicinity  of 
Schellbourne,  Mr.  Emmons^  noted  limestones  carrying  Cambrian  fos- 
sils and  overlying  heavy  bodies  of  Cambrian  quartzite.     Mr.  Gilbert*^ 
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noted  also  Cambrian  fossils  near  Schellbourne  and  also  both  north 
and  south  of  it.  In  Rnby  Hill  Canyon,  about  10  miles  south  of  Schell- 
bourne, quartzites  were  noted  at  the  eastern  base  of  the  ran^e,  over- 
lain by  several  thousand  feet  of  limestones.  About  18  or  20  miles 
south  of  Ruby  Hill  and  a  few  miles  south  of  Piermont,  at  Whites 
Peak,  the  quartzites  have  risen  to  the  crest  of  the  range  and  together 
with  the  associated  schists  display  a  thickness  of  over  11,000  feet. 
The  strata  dip  15°  or  20°  W.,  and  the  overlying  limestone  appears  on 
the  west  flank  of  the  peak.  Southward  from  Whites  Peak  the  quartz- 
ite  gradually  sinks  again,  and  the  crest  of  the  range  is  made  up  of 
the  overlying  limestones. 

The  writer  crossed  the  Schell  Creek  Range  at  Schellbourne  and 
found  the  eastern  side  comjK)sed  of  volcanic  rock.  A  quarter  of  a 
mile  east  jof  the  summit  dark-blue  massive  limestone  begins.  Under- 
lying this  limestone,  on  the  west  side  of  the  pass,  occurs  dark-blue 
limy  shale,  containing  Cambrian  fossils,  as  determined  by  Mr.  C.  D. 
Walcott. 

This  shale  is  several  hundred  feet  thick  and  contains  a  bed  of  fine- 
grained brown- weathering  quartzite  100  feet  thick.  Similar  fossils 
are  found  al)ove  and  below  the  quartzite.  Beneath  the  shale  comes  a 
well-bedded  limestone. 

In  the  west-facing  scarp  of  the  mountain,  directly  north  of  the  pass 
as  seen  from  Schellbourne,  the  section  examined  may  be  seen  finely 
exposed.  From  stratigraphic  evidence  the  writer  would  be  inclined 
to  correlate  the  uppermost  limestone  with  the  Hamburg  formation  of 
Eureka,  the  shales  with  the  Secret  Canyon  formation,  and  the  lower 
limestones  with  the  Prospect  Mountain  limestone.  An  estimated 
section  of  the  mountains  here  is  as  follows: 

Section  near  SclielJboume. 

Feet. 

Hamburg  limeBtone _ _ _ 600 

Secret  Canyon  shale 600 

Prospect  Monntain  limestone _ 1, 800 

Neither  the  top  nor  the  bottom  of  the  section  was  observed. 

About  30  miles  south  of  Whites  Peak  and  Piermont  the  writer 
crossed  the  Schell  Creek  Range  along  the  main  road  between  Ely  and 
Osceola.  On  the  east  side  of  the  summit  (which  is  not  high  at  this 
point)  limestone  carrying  abundant  Carboniferous  fossils  appears  to 
abut  against  massive  dark-blue  metamorphosed  limestone,  reticulated 
with  calcite  veins,  and  associated  with  beds  of  marble.  Immediately' 
below  the  metamorphic  limestone  beds  is  a  ferruginous  and  micaceous 
slate  seam,  contorted  and  containing  veins  of  quartzite  and  calcite. 
This  limestone  and  underlying  schistose  slates  constitute  the  whole 
eastern  part  of  the  range. 

No  fossils  were  found  at  this  point,  but  the  beds  are  probably  to  be 
correlated  with  the  Cambrian  limestones  and  underlying  shales  at 
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Whites  Peak,  at  Ruby  Hill,  and  Sehellbourne.  The  succession  and 
the  general  character  of  the  rocks  are  also  similar  to  those  of  the 
Cambrian  limestones  and  shales  in  the  Highland  Range  in  the  vicin- 
ity of  Pioche  and  in  the  Snake  Range  directly  east  of  here,  in  both  of 
which  localities  Cambrian  fossils  have  been  found. 

On  the  west  side  of  the  range,  north  of  the  locality  just  described 
and  dii*ectly  east  of  Ely  in  the  Egan  Range,  the  ridge  which  flanks  the 
main  Schell  Creek  Range  on  the  east  has  along  its  crest  what  appears 
from  a  distance  to  be  the  white  Eureka  quartzite  of  the  Silurian,  dipping 
west  at  a  constant  angle  of  about  30".  Between  this  ridge  and  the 
main  range  there  is  a  parallel  depression  which  runs  along  the  axis  of 
an  anticline,  for  to  the  east  of  it  the  strata  have  an  easterly  dip  of  from 
20°  to  30".  On  the  ridge  itself  there  comes  in  l^elow  the  Eureka 
quartzite  strata  resembling  the  thick,  comparativel}'  soft  limestones  of 
the  Pogonip  formation,  and  ])eneath  this,  in  the  bottom  of  the  valley, 
are  exposed  massive  gray  limestones,  which  are  perhaps  Cambrian. 
These  Cambrian  and  Silurian  rocks  do  not  extend  south  past  the  ond  of 
the  ridge  which  forms  the  western  high  limb  of  the  anticline,  but  are 
replaced  to  the  south  by  the  Devonian,  the  two  i*egions  being  appar- 
ently separated  by  a  heavy  east-west  fault. 

Mr.  Howell"  has.  described  the  rocks  at  the  southern  end  of  the 
Schell  Creek  Range.  He  notes  that  at  Patterson  a  heavy  bod  of 
quartzite  is  exposed,  dipping  about  45"  ESE.  A  few  miles  to  the 
north  this  is  covered  conformably  by  bluish-gray  limestone.  No  fos- 
sil remains  sufficient  for  determination  wei-e  found,  but  the  limestone 
was  correlated  on  lithologic  grounds  with  the  supposedly  Carbonifer- 
ous limestones  of  the  Snake  Range  and  the  Highland  Range.  Inas- 
much as  at  least  the  southern  portion  of  the  Highland  Range  consists 
of  Cambrian  limestones,  which  were  classed  by  Mr.  Howell  as  Carbon- 
iferous, but  subsequently  definitely  determined  as  Cambrian,  and 
since  the  same  Cambrian  series  occurs  in  the  Snake  Range,  it  seems 
likely  that  th(»se  rocks  may  also  be  Cambrian.* 

At  th(^  north  end  of  the  Highland  Range,  just  south  of  Patterson, 
Mr.  Howell  found  Carboniferous  limestone  well  characterized  by 
fossils. 

At  Bristol,  on  the  west  side  of  the  range,  and  about  30  miles 
south  of  Patterson,  Mr.  Howell  noted  quartzite  at  the  base,  while 
the  whole  upper  portion  was  highly  metamorphic  limestone.  This 
section,  so  far  as  it  goos,  accords  with  the  ('ambrian  section  of  the 
southern  end  of  the  range,  as  will  be  mentioned  later. 

Mr.  Walcott**  noted  on  the  western  side  of  the  range,  at  the  same 
locality  as  just  mentioned,  the  occurrence  of  the  Eureka  quartzit^^.  It 
is  possible  that  this  is  the  same  quartzite  mentioned  by  Mr.  Howell. 


«U.  8.  Geog.  Surv.  W.  Ono  Hundredth  Mer.,  Vol.  m.  t>  2<2. 

f*  Subaequout  to  tho  writing  of  this  Mr.  F.  B.  Weeks  collected  Cumbrian  fossils  near  Patterson, 
in  these  limestones,  above  the  qiiartzites. 
*•  Bull.  U.  8.  Oeol.  Survey  No.  30,  p.  86. 
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The  writer  passed  only  a  few  miles  from  Bristol,  proeeedin<r  from 
Coyote  Spring  over  Stampede  Gap,  and  he  also  mapped  the  Silurian 
as  extending  across  the  valley  to  Bristol,  and  indicated  in  his  notes 
the  probable  occurrence  of  the  Eureka  quartzite. 

At  Stampede  Gap  the  range,  with  the  exception  of  some  very  low 
foothills  at  the  western  base,  which  will  be  refeiTcd  to  later  as  prob- 
ably Devonian  or  Silurian,  is  composed  of  about  800  feet  of  mingled 
limestone  and  slate  overlain  by  alK)ut  1,400  feet  of  massive  limestone 
containing  siliceous  l)eds.  Some  of  these  upper  limestones  carry 
indistinct  and  indeterminable  organic  remains.  A  mottled  structure, 
seeming  to  indicate  the  former  presence  of  coral  remains  in  the  now 
altered  mck,  is  common,  being  the  same  structure  as  observed  in  the 
Cambrian  rocks  of  the  Schell  Creek  Range,  described  above  as  occur- 
ring about  t]0  miles  south  of  Piermont.  In  the  limestones  at  both 
localities  metamorphism  has  caused  the  same  peculiar  pitted  appear- 
ance which  results  from  the  segregation  of  metamorphic  minerals. 

In  the  Highland  Range,  about  4  miles  south  of  Stampede  Gap  and 
about  the  same  distance  southwest  from  Pioche,  the  entire  range 
appears  to  be  of  Cambrian  strata,  and  Mr.  Walcott"  has  measured 
the  following  section: 

Section  in  Highland  Range  4  viileft  smith  of  Stampede  Gap, 

Feet. 

1.  Quartzite 850 

2.  Limestone  and  shales,  argillaceous  and  arenaceous 1 ,  450 

3.  Massive  limestone I},  000 

Total - 4,800 

The  fossils  which  he  collected  at  various  points  correlated  this  sec- 
tion with  the  Cambrian  at  Eureka,  the  basal  quart-zite  corresponding 
to  the  Prospect  Mountain  quartzite. 

In  the  Highland  Range,  south  of  Bennetts  Spring,  the  writer  has 
noted  the  probable  continuation  of  the  Cambrian  section  for  a  dis- 
tance of  5  or  6  miles  at  the  very  least,  the  section  being  substantially 
the  same  as  iK^tween  Bennetts  Spring  and  Stampede  Gap.  From  the 
eastern  base  of  the  Highland  Range  abundant  quantities  of  brown 
quartzite,  probably  representing  the  basal  Cambrian  quartzite  of  Mr. 
Walcott's  section,  come  down  into  the  valley  drift.  This  quartzite  is 
probably  overlain  by  the  Cambrian  limestone,  for  the  strat.a  appear 
horizontal  on  the  east  side  of  the  Highland  Range  throughout  prac- 
tically its  whole  length. 

At  Pioche  Mr.  Howell*  noted  400  feet  of  highly  metamorphic  blue- 
gray  limestone,  and  below  this  about  400  feet  of  shales,  which  yielded 
abundant  Cambrian  fossils.  Below  these  shales  is  an  unknown  thick- 
ness of  quartzite.  He  coi-related  this  quartzite  with  the  Cambrian 
quartzites  of  the  Snake  and  Wasatch  ranges.     Mr.  Walcott^  has  also 


nBulh  U.  8.  Geol.  Survey  No.  30,  p.  84. 

^U.  S.  Geog.  Surv.  W.  One  Hundredth  Mer..  Vol  111,  p.  248. 


Digitized  by 


Google 


42  GEOLOGY   OF   NEVADA  SOUTH    OF  4<>TH   PARALLEL.    [Buu^aoft. 

studied  the  Cambrian  section  at  Pioche  and  finds  a  thickness  of  the 
basal  quart zite  of  1,2()0  feet  on  the  west  face  of  the  EI3"  Range,  a  few 
miles  to  the  west  of  the  town  of  Pioche.  Mining  operations  have 
thrown  out  large  masses  of  shales  carrying  Cambrian  fossils,  which 
Mr.  Walcott*  has  described  and  correlated  with  a  bed  of  the  Highland 
Range  section.  Similar  fossils  were  also  collected  at  the  same  locality 
by  the  writer.  This  horizon  is  well  up  in  the  shaly  limestone  which 
overlies  the  basal  quartzite. 

Three  or  4  miles  southeast  of  Pioche,  along  the  roml  to  Panaca, 
what  is  prol)ably  the  basal  quartzite  is  slightly  exposed,  immediately 
overlain  by  the  shales.  Fi*om  these  shales  Mr.  Walcott  collected  a 
number  of  Cambrian  fossils.  The  writer  also  collected  fossils  from 
this  point. 

SILURIAN. 

In  the  western  face  of  the  Schell  Creek  Range,  just  east  of  Kly  in 
the  Egan  Range,  what  is  perhaps  the  Silurian  Eureka  quartzite 
appears,  forming  the  crest  of  a  minor  ridge,  flanking  to  the  west  the 
main  Schell  Creek  Range.  The  quartzite  dips  to  the  west  about  30" 
and  is  underlain  by  what  appears  to  be  the  Pogonip  formation.  No 
fossils  were  collected. 

The  Silurian  rocks  above  described  ai'e  probably  cut  off  to  the  south 
by  an  east- west  fault,  for  they  are  succeeded  b^'  Devonian  strata. 

Mr.  F.  B.  Weeks*'  found,  in  1900,  that,  about  10  miles  north  of  the 
road  leading  from  Osceola  to  Ely,  the  Cambrian  betls  on  the  north- 
east are  separated  from  Onlovician  beds  on  the  southwest  by  a  heavy 
fault.  In  these  Ordovician  l>eds  the  following  fossils,  determined  by 
Professor  Ulrich,  were  collected : 

Orthis  (related  to  O.  bellarugosa)^ 

Dalmanella  (near  pc^rveta). 

Dalmanella  (near  cmacerata). 

Modiolodon  sp.  undet. 

iHchyrodonta  sp.  nndet. 

Cyrtodonta  ?  sp.  undet. 

Machirea  (cf.  subannnlata  Walcott). 

Gyronema  (near  semicarinatum). 

Metoptoma  sp.  nndet. 

Endoceras  (1). 

Endoceras  (2). 

Leperditia  (near  fabulites). 

Leperditella. 

Leperditella  (with  ventral  swelling). 

Sclimidtella  n.  sp.  (near  crassiraarginata). 

Aparchites  sp.  undet. 

Olenos  ?  sp.  nndet.  (1). 

Olenns  ?  sp.  undet.  (2). 

Asaphus. 

Pygidium.  sp.  undet. 


»  Bull.  U.  S.  Oeol.  Surv.  No.  3D,  p.  36.  <*  Personal  communication  to  the  writer. 
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Another  lot  was  as  follows: 

Asaphns  (related  to  Megalaspis  belemnums  White). 

Two  species  of  trilobites  related  to  Symphysums^goldfiissi  Walcott. 

Leperditella  (related  to  L.  inflata). 

Undet.  ostracod  (?  related  to  Octonaria). 

Silurian  rocks  do  not  appear,  so  far  as  yet  observed,  until  the  neigh- 
borhood of  Bristol,  where  the  Eureka  quartzite  was  observed  by  Mr. 
Walcott.  The  writer  also  has  observed  probable  Silurian  rocks,  con- 
stituting low  hills,  which  connect  the  Highland  Range,  in  the  neigh- 
borhood of  Bristol,  with  tlie  irregular  ridges  lying  between  the  Egan 
and  Pahroc  ranges. 

Farther  south  Mr.  Walcott  ^  has  noted  the  Eureka  quartzite  on  the 
west  side  of  the  Highland  Range,  in  a  hill  north  of  the  road  leading 
from  Bennetts  Spring  to  Hiko.    At  this  point  fossils  are  very  abundant. 

DEVONIAN. 

At  the  western  base  of  the  Highland  Range,  at  Stampede  Gap, 
highly  fossiliferous  strata  were  observed,  probably  separated  from  the 
Cambrian  strata  which  form  the  mass  of  the  range  by  a  heavy  north- 
south  fault.  No  fossils  were  collected,  but  from  the  stratigraphy  it 
seems  possible  that  these  are  the  continuation  of  rocks  in  the  neigh- 
borhood of  Coyote  Spring,  at  the  northern  end  of  the  Pahroc  Range, 
just  west  from  Stampede  Gap,  which  are  Devonian. 

On  the  western  side  of  the  range,  north  of  the  road  which  crosses 
it  between  Ely  and  Osceola,  the  writer  found  dark-blue  to  gray-blue, 
often  shaly  limestone  filled  with  calcite  seams.  From  one  horizon  in 
this  limestone  he  collected  the  following  Devonian  fossils,  which  were 
determined  by  Dr.  George  II.  Girty:  Stromatoporoid  coral,  Spirifer 
vidhensis^  and  Amboccdia  iimlxmata. 

These  Devonian  strata  are  apparently  separated  from  Silurian  and 
Cambrian  rocks  farther  north  by  an  east- west  fault. 

CARBONIFEROUS. 

The  western  half  of  the  Schell  Creek  Range,  where  it  was  crossed  on 
the  road  between  Ely  and  Osceola,  about  20  miles  southeast  of  Ely, 
is  chiefly  composed  of  Carboniferous  rocks.  They  consist  mostly  of 
dark-blue,  gray-blue,  and  often  shaly  limestones,  with  occasional 
brown  quartzite  seams.  Some  of  the  beds  are  semicrystalline.  The 
series  throughout  is  highly  fossiliferous. 

Just  after  the  road  enters  the  range  Upper  Carboniferous  fossils 
were  collected.  They  wore  determined  by  Dr.  George  H.  Girty,  as 
follows:  Zaphrentis  sp.,  Productus  sp.,  Spirifer  rockymontanus, 
Semimda  sp. 

a  BuU.  U.  8.  Geol.  Survey  No.  30,  p.  88. 
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A  mile  east  of  the  above-mentioned  locality  the  following  Upper 
Carl)oniferous  fossils  were  collected: 

Orbiculoidea  missouriensis. 
Productus  inflatns? 
Marginifera  muricata. 
Cleiothyris  orbicularis, 
^minnla  snbtilita. 
Rhombopora  lepidodendroides. 

All  these  Carboniferous  rocks  dip  to  the  east  20°  or  30°,  and  iy>par> 
ently  abut  directly  against  the  Cambrian  <m  the  east. 

Near  the  northern  end  of  the  Highland  Range,  3  or  4  miles  south  of 
Patterson,  Mr.  Howell ''has  noted  2,000  feet  of  limestone  containing 
well-marked  Carboniferous  fossils. 

IGNEOUS  ROCKS. 


In  the  vicinity  of  Schellbourne  the  whole  eastern  part  of  the  Sobell 
Ci'eek  Range  is  covered  bj^  basic  lava,  and  this  also  overflows  to  the 
western  part  of  the  range,  covering  up  in  patches  the  stratified  Cam- 
brian rwks.  This  lava  is  in  general  a  pyroxene-aleutit^.  According 
to  Mr.  Emmons,*  the  extreme  northern  portion  of  the  range  is  entirely 
covered  by  rhyolite.  In  the  vicinity  of  Schellbourne  the  writ-er 
found,  underlying  the  basic  lava,  a  few  feet  of  white  biotit^-rhyolite. 

On  the  western  side  of  the  Highland  Range,  5  or  G  miles  south  of  its 
northern  end,  Mr.  HowelK  has  reported  lava.  Still  farther  south,  at 
St^impede  Gap,  the  writer  observed  a  small  area  of  rhyolite^  in  the 
valley  at  the  western  base  of  the  mountain. 


Mr.  Gilbert^'  has  noted  in  Ruby  Hill  Canyon,  a  few  miles  south  of 
Schelllx)urne,  siliceous  dikes  cutting  the  Cambrian  limestones. 

STRUCTURE. 
FOLDING. 

On  the  west  side  of  Schell  Creek  Range,  just  east  of  Ely,  a  conspic- 
uous anticline  was  observed,  trending  parallel  to  the  crest  of  the  main 
range.  The  axis  of  this  anticline  is  occupied  by  a  valley,  and  the 
western  limb  is  marked  by  a  minor  north-south  ridge  running  from 
about  the  latitude  of  Ely  northward  to  the  neighborhood  of  Schell- 
bourne. The  rocks  exposed  in  this  anticlinal  fold  are  probably  Silu- 
rian.    To  the  south  the  fold,  and  at  the  same  time  the  ridge  in  which 


aU.  S.  Geog.  Surv.  W.  One  Hundredth  Mer.,  Vol.  HI,  p.  24.3. 
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its  western  limb  is  exhibited,  are  apparently  cut  off  by  an  east-west 
fault,  while  on  the  north  the  rocks  of  the  fold  pass  under  the  Pleisto- 
cene valley  detritus.  About  10  miles  south  of  the  southern  end  of 
the  minor  ridges  above  mentioned  what  appears  to  be  the  continua- 
tion of  the  same  anticlinal  fold  is  exhibited  in  the  foothills  on  the 
west  side  of  the  range.  Still  farther  south  the  general  strike  of  the 
rocks  changes  from  south  to  southwest,  and  this  anticlinal  fold  prob- 
ably passes  over  into  the  southern  end  of  the  Egan  Range,  where  a 
series  of  folds  was  observed,  one  of  which  is  j)erhaps  identical  with 
it.  Farther  south  again  there  is  probably  another  synclinal  fold, 
which  also  passes  over  into  the  £gan  Range  on  account  of  its  south- 
westerly strike.  This  is  probably  followed  by  an  anticlinal  foldjsuch 
as  Howein  has  described,  at  the  extreme  southern  end  of  the  range, 
where  the  rocks  dip  east-southeast.  Still  farther  south  the  several 
folds  which  are  found  in  the  ridges  forming  the  southern  extremity 
of  the  Egan  Range  are  probably  continuous  across  the  intervening 
valley  to  the  Highland  Range. 

The  Cambrian  rocks,  which  form  the  greater  part  of  the  eastern 
portion  of  the  Schell  Creek  and  Highland  ranges,  are  also  folded. 
At  Schellbourne  the  rocks  seemed  to  the  writer  to  dip  in  general  to 
the  east,  although  the  attitude  could  not  be  cei*taiidy  made  out. 
Farther  south,  at  Whites  Peak,  Mr.  Gilbert*  found  the  Cambrian 
rocks  dipping  to  the  west  at  an  angle  of  about  20*^.  Still  farther 
south,  where  the  writer  observed  the  Cambrian  rocks  in  crossing  the 
range  between  Ely  and  Osceola,  he  found  the  folding  complicated 
and  the  faulting  considerable. 

In  the  Highland  Range  the  folds  in  the  Cambrian  rocks  appear  to 
be  gentle  and  of  no  great  extent.  Thosi^  that  were  observed  were 
mostly  transverse  to  the  range,  and  in  general  the  disposition  of  the 
horizons  did  not  vary  greatly  from  what  they  would  have  been  had 
they  been  horizonUil. 

FAULTINCJ. 

Although  no  careful  examination  has  lK»en  made,  the  stratigraphy 
indicates  the  existence  of  im^wrtant  faults  in  the  Schell  Creek  and 
Highland  ranges.  These  probably  belong  to  two  chief  systems— one 
north  and  south  and  one  east  and  west.  On  the  road  which  crosses 
the  Schell  Creek  Range  between  Ely  in  the  Egan  Range  and  Osceola 
in  the  Snake  Range  the  whole  rock  series  dips  to  the  east.  The  east- 
em  half  of  the  range  is  composed  of  Upper  Carboniferous  limestones 
carrying  abundant  fossils,  while  the  western  is  composed  of  metamor- 
phic  limestones  underlain  by  schistose  mica-slates.  The  character  of 
these  later  rocks,  together  with  the  succession,  enables  one  to  correlate 
them  with  the  Cambrian  rocks  found  in  the  same  range  just  north  of 
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here  and  also  in  the  Highland  and  Snake  ran^s.  This  implies 
either  an  enormous  fault  or  a  great  erosion  gap. 

Opposite  Stampede  Gap  the  writer  crossed  the  valley  which  lies  on 
the  west  of  the  range  from  a  district  where  tliere  are  abundant  expo- 
sures of  fossiliferous  Devonian  and  Silurian  rocks.  At  the  western 
base  of  the  range  he  noted  in  the  foothills  fossiliferous  strata,  appar- 
ently belonging  to  the  same  series,  from  which,  however,  he  collected 
no  fossil  remains.  Proceeding  farther  west  he  found  the  whole  moun- 
tain made  up  of  altered  massive  limestones,  with  intercalated  shales 
and  schistose  slates,  which  belong  to  the  Cambrian.  A  few  miles 
north  of  Stampede  Gap,  at  Bristol,  Mr.  Walcott  found  the  Eureka 
quartzite  of  the  Silurian  at  the  western  base  of  the  mountains,  and 
the  same  formation  about  15  miles  south  of  Stampede  Gap  on  the  road 
from  Bennetts  Spring  t-o  Iliko.  Both  these  places  occupy  the  same 
relative  position  at  the  western  base  of  the  range.  Between  these 
Silurian  fcH>thills  and  the  Cambrian  rocks  of  the  main  range  tliere 
appears  to  be  a  great  break,  bringing  about  juxtaposition  of  strata 
which  in  their  normal  stratigraphic  succession  are  separated  by  nearly 
2  miles  of  intervening  sediments.  This  is  believed  to  be  the  same 
break  as  that  previously  noted  farther  north,  and  it  may  l>e  either  a 
fault  or  an  erosion  gap. 

An  east-west  fault  appears  to  cut  the  range  transversely  at  a  point 
about  10  miles  southeast  of  Ely  in  the  Egan  Range.  To  the  north 
of  this  line  is  an  anticlinal  fold  which  exposes  probable  Silurian  or 
Cambrian  rocks.  To  the  south  only  the  eastern  limb  of  the  fold  is 
found,  the  ridge  which  represents  the  western  limb  being  cut  off.  On 
the  south  side  the  rocks  carry  Devonian  fossils. 

About  10  miles  north  of  the  road  which  crosses  the  range  between 
Osceola  and  Ely  Mr.  F.  B.  Weeks'*  observed,  in  1000,  a  strong  north- 
west fault  marked  by  a  profound  interior  valley.  C'ambrian  rocks  on 
the  northeast  side  of  the  fault  are  brought  against  Ordovician  strata 
on  the  north.     The  fault  cuts  aci*os8  the  entire  range. 

Mr.  Ilowell  ^  noted  a  probable  cross  fault  near  the  north  end  of  the 
Highland  Range.  The  line  of  this  fault  is  continuous  with  a  probable 
fault  line  sketched  by  the  writ^er  on  the  Egan  Range,  just  to  the  west. 
The  writer  also  saw,  a  few  miles  north  of  this,  what  Is  perhaps  a  par- 
allel east- west  fault,  marked  by  a  deep  transverse  valley  in  the  Egan 
Range  and  extending  across  to 'the  gap  which  separates  the  Schell 
Creek  Range  from  the  Highland  Range.  The  displacement  of  these 
faults  was  not  measured,  but  is  probably  very  considerable. 

At  Pioche  there  are  a  number  of  intersecting  faults,  some  belonging 
t^)  a  northwest-southeast  syst<^m  and  some  to  a  northeast-southwest 
system.  The  main  fault  observed  by  the  writer  runs  through  the 
south  end  of  the  town,  in  a  northwest  direction.     It  is  n>arked  by  a 


"Personal  communic'ation  to  the  writer. 
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deep  gulch,  and  has  the  Cambrian  quartzite  qn  the  northeast  side  and 
the  Cambrian  shale  and  limestone  on  the  south.  This  fault  has  at 
least  1,000  feet  of  vertical  separation  and  may  have  much  more. 
Other  faults  are  parallel  to  this,  and  there  are  a  number  of  northeast- 
southwest  cross  faults  with  considerable  displacement.  The  effect  of 
these  is  to  cause  a  certain  degree  of  checkering  of  quartzite  and  lime- 
stone. The  northeast  gulch  in  which  Pioche  lies  seems  to  mark  one 
of  these  faults.* 

EQAN  RANGE. 

The  Egan  Range  is  the  next  important  range  west  of  the  Sehell  Creek 
and  Highland  ranges.  Its  north  end  lies  just  north  of  the  fortieth 
parallel  and  is  included  in  the  maps  of  the  Fortieth  Parallel  Survey. 
It  extends  due  southward  nearly  150  miles. 

TOPOGRAPHY. 

»  Throughout  nearly  its  whole  course  the  Egan  Range  consists  of  a 
single  well-defined  central  ridge,  from  which  the  slopes  to  the  valley 
on  both  sides  are  comparatively  steep.  In  the  neighborhood  of  Ely 
the  ridges  are  slightly  broken  up,  but  this  is  apparently  due  largely 
to  the  presence  of  igneous  rocks.  At  the  extreme  south  end,  also,  the 
main  range  splits  up  into  several  low  ridges. 

The  range  is  cut  through  at  intervals  by  transverse  valleys  connect- 
ing the  valleys  on  either  side  of  the  range  and  very  little  higher  than 
they.  Such  valleys  are  found  at  Egan  Canyon  and  at  Ely.  Near  the 
southern  end  of  the  range  there  are  other  deep  transverse  gaps, 
which,  however,  do  not  cut  clear  down  to  the  level  of  the  valleys. 

ARCHEAN  ROCKS. 

Mr.  S.  F.  Emmons*  has  described  the  rocks  in  an  outlying  ridge  on 
the  east  side  of  the  range,  just  south  of  the  eastern  end  of  Egan 
Canyon.  Here  the  lowest  formation  exposed  is  a  mica-granite,  which 
is  overlain  by  quartzites  and  quartzitic  schists  referred  to  the  Cam- 
brian.    The  granite  is  referred  to  the  Archean. 

SEDIMENTARY   ROCKS. 
CAMBRIAN. 

As  above  noted,  Mr.  Emmons  found  overlying  the  granite  at  the 
eastern  end  of  Egan  Canyon  several  thousand  feet  of  quartzites  and 
quartzitic  schists,  together  with  a  50-foot  bed  of  argillite.  These 
quartzites  are  overlain  by  limestones. 

The  same  locality  was  observed  by  the  writer  from  a  distance,  and 
on  account  of  the  stratigraphy  was  referred  with  little  hesitation  to 

o  These  obeeryations  are  in  accordance  with  those  previously  made  by  Hr.  HoweU  (U.  S.  Geog. 
Snrv.  W.  One  Hnndreth  Mer.,  Vol.  HI,  pp.  857-261),  as  the  writer  discoTered  since  writing  the 
above. 
.     *  U.  8.  Geol.  Expl.  Fortieth  Par.,  Vol.  II,  p.  488. 
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the  C'Hmbrirtii.  The  rocks  were  not  visiteil,  but  at  the  base  are  heavy 
beils  dipping  to  the  west  at  an  angle  of  about  30'"  and  striking  north 
and  south.  These  massive  beds  resemble  the  Cambrian  quartzite 
and  limestone,  while  alwve  them  come  more  easily  erode<l  limestones, 
which  correspond  in  thickness  and  position  to  the  Silurian  Pogonip 
formation.  Above  the  Pogonip  on  the  east  face  of  the  main  ridge 
(which  is  separated  from  the  spur  above  mentione<l  by  a  trough  of 
erosion)  is  exposed  the  Eureka  ciuartzite,  which  is  traceable  along 
the  range  for  several  miles  northward.  The  identification  of  this 
Silurian  makes  the  reference  of  the  easterly  rocks  of  the  outljing 
spur  to  the  Cambrian  safe. 

Mr.  F.  B.  Weeks ^'  reports  that  in  the  summit  of  the  range,  about 
10  to  12  miles  south  of  Egan  Canyon,  the  following  Upper  Cambrian 
fossils,  determined  by  Mr.  Walcott,  were  collected: 

Obolns  (Lingnlella)  discoidensia  H.  &  W.      «. 
Obolus  (Lingnlella)  manticiilns  White. 
Ob()lu8  (Lingulella)  punctatus  Walcott. 
Ophileta? 
AgnoHtus.  2  sp. 
Ptychoparia,  2  sp. 

AUmg  the  .southern  part  of  the*  Egan  Range  the  west  face,  which 
confronts  the  southern  part  of  Sierra  Valley,  exposes  some  magnificent 
sections  of  strata.  These  also  were  not  visited  any  farther  north  than 
the  vicinity  cf  Adams's  ranch  on  White  River,  near  which  point  they 
were  found  to  l)e  Devonian.  Farther  north,  however,  a  thick  section 
of  roi^ks,  striking  northeiust  and  dipping  southeast  at  an  average 
angli*  of  30",  was  exposed,  and  the  circumstance  that  the  strike  is 
diagonal  to  the  north-south  face  of  the  range  brings  it  about  that 
progressively  lower  beds  are  exposed  going  north.  About  2  miles 
north  of  the  vicinity  of  Butterfield  Spring  what  was  taken  to  be 
Eureka  quartzite  was  seen  at  a  distance;  below  this  occurs  a  great 
thickness  of  more  easily  eroded  limestones,  which  were  referred  to  the 
Pogonip  formation;  and  beneath  these  again  massive  limestones, 
which  perhaps  represent  the  Upper  Cambrian.  Only  a  comparatively 
slight  thickness  of  the  latt(?r  limestones  is  exposed,  when  the  dip  of 
the  se(*tion  is  reversed  and  becomes  northwest,  so  that  the  section 
begins  to  ascend  toward  the  north. 

SILURIAN. 

Mr.  Emmons*  noted  the  finding  of  Silurian  fossils  in  the  limestone 
in  the  neighl)orhood  of  Egan  Canyon.  The  writer,  who  crossed  the 
range  at  this  point  from  Cherry  Creek  westerly,  did  not  succeed  in 
finding  any  good  fossils,  but  identified  the  formations  on  lithologic 
and  stratigraphic  grounds  as  notably  belonging  to  the  Pogonip,  the 


"Personal  communication  to  the  writer. 
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Eureka,  and  the  Lone  Mountain  formations  of  the  Silurian  as  exhib- 
ited in  the  Eureka  section.  In  the  easterly  spur  of  the  mountains 
just  south  of  Egan  Canyon,  as  above  noted,  the  whole  thickness  of  the 
Pogonip  strata  is  exposed,  occupying  a  valley  of  erosion  between  this 
spur  and  the  main  ridge.  On  the  easterly  face  of  the  main  ridge  the 
Eureka  quartzite  is  exposed,  and  may  be  traced  across  Cherry  Creek 
and  still  farther  north.  Above  the  quartzite,  in  ascending  from 
Cherry  Creek  westerly,  dark-blue  crystalline  limestones,  similar  lith- 
ologically  to  the  Lone  Mountain  limestones  of  Eureka,  and  carrying 
indistinct  fossils,  were  observed. 

The  probable  exposure  of  the  Eureka  quartzite  on  the  western  face 
of  the  range,  near  its  southern  end,  has  already  been  noted  in  con- 
nection with  the  probable  Cambrian  exposures.  It  is  probable  that 
along  here  not  only  the  Eureka  quartzite,  but  the  whole  Silurian  sec- 
tion, is  exposed. 

Crossing  the  separate  low  ridges  which  constitute  the  connection 
between  the  southern  end  of  the  Egan  Range  and  the  Pahroc  Range, 
what  is  almost  certainly  the  Eureka  quartzite  was  found  about  25 
miles  northwest  of  Pioche.  Here  was  found  a  white  vitreous  quartz- 
ite, rather  coarse  grained  and  upward  of  100  feet  thick,  above  which 
lie  dark-gray,  comparatively  thin  fetid  crystalline  limestones,  with 
the  fossils  too  much  altered  to  be  recognizable.  This  is  perhaps  the 
Lone  Mountain  limestone.  These  Silurian  rocks  are  exposed  only 
along  the  eroded  axis  of  an  east-west  anticline,  and  to  the  north 
and  south  are  overlying  rocks  from  which  Devonian  fossils  were  col- 
lected. The  general  structure  of  the  beds  at  this  point  makes  it 
probable  that  a  little  farther  northeast  a  greater  thickness  of  Silurian 
rocks  is  exposed,  in  the  valley  midway  between  this  point  and  the 
Highland  Range. 

DEVONIAN. 

The  western  face  of  the  Egan  Range  about  8  or  10  miles  north  of 
Cherry  Creek  is  composed  of  stratified  rocks  dipping  very  gently 
northwest.  These  stratified  rocks  are  limestones  whose  appearance 
suggests  the  Nevada  formation  of  the  Devonian.  A  short  distance  north 
of  these,  also  on  the  west  face  of  the  range,  black,  shaly,  fetid  lime- 
stones carrying  Upper  Carboniferous  fossils  were  obtained,  w'.iile 
south  of  the  supposed  Devonian  rocks,  fn  the  neighborhood  of  Cherry 
Creek,  there  are  exposed  Silurian  formations,  as  already  mentioned.  It 
is  more  than  probable,  therefore,  that  the  intervening  rocks  are  really 
Devonian.     ]\lr.  Emmons  has  made  the  same  suggestion. « 

In  the  canyon  which  cuts  through  the  range  at  Ely  limestones  carry- 
ing Lower  Carboniferous  fossils  were  found.  In  these  limestones  are 
siliceous  beds  which  may  perhaps  represent  the  Diamond  Peak 
quartzite  of  the  Eureka  section,  beneath   which   there  is  a  slight 
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exposure  of  shaly  limestone  which  may  represent  the  White  Pine 
formation.  No  fossils,  however,  were  procured  from  these  beds,  and 
their  identiftention  as  Devonian  is  only  provisional. 

At  the  northern  end  of  the  curving  spur  which  joins  the  main  range 
near  this  point  (PI.  V,  ^4),  where  it  passes  under  andesltic  flows  just 
south  of  Summit  stage  station  Cyathophylluvi  sp.  was  found,  and  was 
referred  to  the  Devonian  by  Dr.  George  II.  Girty. 

This  Devonian  area,  however,  is  small,  since  at  a  distance  of  2  miles 
farther  south  similar  limestones  carrying  Carboniferous  fossils  were 
found. 

Devonian  nx'ks  make  up  nearly  the  whole  of  the  series  of  low  ridgee 
which  constitute  the  extreme  southern  end  of  the  Egan  Range,  so  far 
as  these  rocks  were  examined  by  the  writer  in  crossing  diagonally  from 
northwest  to  southeast.  In  crossing  the  pass  which  cuts  through 
the  western  and  main  ridge  of  these  mountains,  about  10  miles  due 
southeast  from  Adams's  ranch,  comparatively  thin-bedded  fetid  lime- 
stones were  found  folded  into  a  syncline  striking  diagonally  to  the 
trend  of  the  pass,  and  carrying  the  following  Devonian  fossils,  as 
determined  by  Dr.  George  II.  Girty: 

Amphipora?  8p. 
Cladopora?  sp. 
Stromatoporoid  coral. 
Chonetes  macrostriatus. 
Spirifer  utahensis. 

The  corals  obtained  here  make  up  the  greater  bulk  of  the  rock, 
which  apiK*ars,  therefore,  to  have  l>een  a  Paleozoic  coral  reef.  Both 
the  fossils  and  the  nature  of  the  inclosing  rocks  are  identical  with 
the  fossils  and  rocks  found  in  the  Golden  Gate  Range,  directly  west 
of  hero  and  about  15  miles  distant. 

Following  the  road  from  hei'e  southeastwanl  to  Pioche,  Devonian 
fossils  were  again  obtained  al>out  12  miles  south  of  the  first  locality, 
as  follows: 

Amphipora?  sp. 
Stromatoporoid  corals. 
Spirifer  main  (small  variety). 

A^-^aiii  about  0  miles  farther  southeast  the  following  Devonian  fosr 
s  i  1  s  we  ro  col  1  ec t  ed : 

Fucoid. 

Prodnctella  subacnleata. 
Rhipidomella  sp. 
Spirifer  disjnnctus. 
Spirifer  utahensis. 
Spirifer  strigosns  ? 
AmlxK'oelia  nmbonata/ 
Camarot(Pchia  sappho. 
Modiomorpha  obtusa  ? 
Grammysia  minor? 
Loxonema?  sp. 
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J?.     TERTIARY  VOLCANIC  CONE.    PANCAKE  RANGE.   EAST  SIDE  OF   HOT  CREEK. 

Exposed  by  denudation  of  overlying  lavas  and  tuffs. 
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The  structure  of  the  surrounding  ridges  makes  it  probable  that  most 
of  them  are  Devonian. 

OARBONtFBROUS. 

In  the  extreme  northern  end  of  the  Egan  Range  Mr.  Emmons^  col- 
lected probable  Carboniferous  fossils.  On  the  western  front,  about 
12  miles  north  of  Cherry  Creek,  the  following  fossils  were  collected  by 
the  writer  and  identified  by  Dr.  Girty : 

Orbicnloidea  inissoTiriensis? 
Marginifera  splendens? 
Productus  n.  sp. 
Spirorbis  sp. 
Enomphalxis  catilloides. 

Between  Egan  Canyon  and  Ely  it  is  probable  that  the  Carboniferous 
rocks  cover  a  considerable  area.  Near  Ely,  Carboniferous  limestones 
are  abundantly  exposed.  About  2  miles  south  of  Summit  Springs, 
on  the  road  between  Ely  and  Hamilton,  massive  semicrystalline  lime- 
stones are  found  which  carry  a  probably  Upper  Carboniferous  fossil 
that  was  determined  by  Dr.  Girty  as  Zaplirentis  sp. 

About  6  miles  east  of  here,  on  the  east  side  of  the  nai-row  valley 
separating  the  minor  ridge,  in  which  the  above  fossil  was  obtained, 
from  the  main  range,  were  collected  the  following  Upper  Carbonifer- 
ous fossils: 

Seminula  snbtilita? 
Lithofitrotion?  sp. 
Fnsnlina  cylindrica. 

Two  miles  southeast  of  the  last-named  locality,  near  the  western 
entrance  of  the  canyon  which  cuts  through  the  range  at  Ely,  dark- 
gray  carbonaceous  fetid  limestones  were  found  which  carr}"  the  fol- 
lowing Lower  Carboniferous  fossils: 

Zaphrentis  sp. 
Orthothetes  InaBqnalis. 
Rhipidomella  michelini. 
Productns  semireticulatns  var. 
Productns  n.  sp. 
Spirifer  centronattw. 
Straparollus  Itixns. 
Proetns  peroccidens. 

The  black  shaly  limestone  which  carries  the  Lower  Carboniferous 
fauna  at  the  last-named  locality  passes  into  a  belt  of  red,  yellow,  and 
orange  weathering  shales,  with  occasional  beds  of  gray,  shaly  lime- 
stone. The  thickness  of  these  shales  is  estimated  at  from  800  to 
1,000  feet.  Farther  east  in  the  canyon  beds  of  cherty  and  siliceous 
limestones  also  occur  in  this  same  series.  It  is  probable  that  the  low- 
est of  these  shaly  beds  are  Devonian,  but  to  the  south  of  Ely,  above 
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the  shales,  the  more  massive  limestone  comes  in  above  again  and 
extends  for  5  or  6  miles  at  least,  striking  east  and  west  and  dipping 
gently  south. 

On  the  southeastern  slope  of  Hamels  Peak,  some  miles  south  of  Ely, 
the  fossils  named  below  were  collected  by  Mr.  F.  B.  Weeks,*  and  were 
determined  by  Dr.  Girty.  Regaixling  this  collection,  Mr.  Girty  states 
"The  fauna  has  a  similar  facies  to  that  of  the  Marion  formation  of 
the  Kansas  section,  which  Prosser  regards  as  a  true  Permian  fauna, 
and  it  probably  can  be  safely  correlated  with  the  Marion." 

Productus  sp. 
Nncnlana  cf .  obesa. 
Pleurophoms  ?  sp. 
SchizoduB  ?  sp. 
Straparollns  catilloides. 
Pleurotomaria  hnmerosa  ? 
Bnlimorpha  peracnta. 
Mnrchisonia,  near  marcooiana. 
Naticopsis  ventricosa  ? 
Bellerophon  sp. 
Domatoceras  ?  sp. 
Ostracoda. 
Bakewellia  parva. 

IGNEOUS  ROCKS. 
LAVAS. 

On  the  west  side  of  t\\e  Egan  Range,  just  north  of  Egan  Canyon,  a 
series  of  low  hills  are  composed  of  basalt.  One  of  these  hills  has  a 
conical  shape  practically  unmodified,  and,  from  the  circumstance  of 
this  slight  erosion,  the  age  of  the  lava  must  be  very  recent. 

Farther  south,  also  on  the  west  side  of  the  range,  is  a  considerable 
mass  of  volcanic  rock  which  has  filled  up  the  valley  between  the 
southern  end  of  the  Long  Valley  Range  and  the  Egan  Range  north 
of  Ely.  This  is,  in  general,  a  dacite-andesite  and  has  been  deeply 
eroded,  indicating  greater  age  for  it  than  for  the  basalt. 

At  the  southern  end  of  the  range,  in  the  separate  low  ridges  which 
form  the  connection  of  this  range  with  the  Pahroc  Range,  there  are 
large  areas  of  quartz-latite  which  seem  to  be  continuous  with  similar 
lavas  occurring  in  the  northern  end  of  the  Golden  Gate  Range  and 
on  the  easterly  side  of  the  Grant  Range  in  the  same  latitude.  As  in 
the  other  cases  described,  it  is  plain  that  these  outflows  occurred 
subsequent  to  the  formation  of  the  deep  valleys  between  the  limestone 
ridges,  for  the  volcanic  rock  eithQr  fills  up  such  valleys  or  has  been 
poured  into  them  without  quite  filling  them  up  and  now  forms  their 
floor.  Nevertheless,  this  volcanic  rock  is  also  deeply  eroded,  and 
therefore  its  age  is  not  recent.  It  may  be  considered  as  very  late 
Tertiary  or  early  Pleistocene. 

a  Personal  commuicatiou  to  the  writer. 
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DIKES. 

At  the  western  entrance  of  the  canyon  which  cuts  through  the  range 
at  Ely  a  dike  of  hornblende-tonalite-i>orphyry  was  noted.  Farther 
east  in  the  canyon  occur  a  number  of  other  siliceous  dikes.  These 
dikes  probably  connect  with  a  larger  body  farther  south,  which  seems 
to  form  the  crest  of  the  range  in  the  vicinity  of  Howells  Peak. 

Just  west  of  the  town  of  Cherry  Creek  occur  a  number  of  dikes 
which  are  apparently  connected  with  a  larger  igneous  body  a  little 
farther  north.  Specimens  of  these  dikes  show  them  to  be  chiefly 
quartz-monzonites. 

STRUCTURE. 
POLDING. 

The  extreme  northern  end  of  the  range  is  said  by  Mr.  Emmons «  to 
present  an  anticlinal  fold  striking  northeasterly,  and  so  diverging^ 
from  the  general  trend  of  the  mountains.  Farther  south,  but  still 
north  of  Egan  Canyon,  the  general  structure  is  plainly  synclinal, 
and  has  the  same  northeasterly  trend.  This  syncline  must  succeed 
the  anticline  to  the  southeast.  In  the  vicinity  of  Egan  Canyon,  on  the 
eastern  side  of  the  range,  the  strata  on  the  eastern  limb  of  this  syn- 
cline dip  to  the  west  at  angles  of  from  30°  to  45°,  which  gradually 
grow  less  to  the  west  until,  at  a  point  about  8  or  10  miles  north  of 
Cherry  Creek,  and  on  the  west  side  of  the  range,  easterly  dipping 
strata  constituting  the  other  side  of  the  syncline  are  found. 

Between  the  Cambrian  rocks  on  the  eastern  side  of  Egan  Canyon 
and  the  same  formations  on  the  west  tsLce  of  the  Schell  Creek  Range, 
only  a  few  miles  to  the  east,  there  is  probably  an  anticlinal  fold 
occupying  Steptoe  Valley. 

From  Egan  Canyon  south  the  Egan  Range  may  be  seen  to  consist 
of  stratified  rocks  as  far  as  Ely,  but  the  general  northeasterly  trend 
of  the  beds  at  Egan  Canyon  changes  to  a  northwesterly  one  in  the 
mount-ains  north  of  Hercules  Gate,  about  10  miles  north  of  Ely.  The 
general  structure  of  the  mountains  at  this  point  seems  to  be  synclinal, 
the  western  limb  of  the  fold  being  exposed  in  the  Devonian  limestone 
lying  just  soutfi  of  Summit  stage  station  on  the  road  between  Ely  and 
Hamilton.     These  limestones  dip  to  the  east  at  an  angle  of  20°. 

From  Ely  south  for  a  number  of  miles  the  strata  are  not  conspicu- 
ously folded,  but  dip  gently  in  various  directions,  chiefly  to  the  south. 
The  whole  southern  end  of  the  range,  however,  from  a  point  about  10 
or  15  miles  south  of  Ely  as  far  as  the  point  where  the  main  range 
begins  to  split  up  into  several,  shows  beds  which  strike  uniformly 
northeast,  at  an  angle  with  the  general  north-south  trend  of  the 
mountains.  The  farther  south  one  goes  the  more  easterly  becomes 
the  strike  of  the  strata,  until,  in  the  series  of  low  ridges  at  the  south- 
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em  end  of  the  ran^o,  it  swings  around  to  east- west  and  then  to  south- 
east, and  so  runs  into  the  Pahroe  Range,  where  it  becomes  due  north 
and  south. 

In  this  southern  part  of  the  range  many  parallel  open  folds  are 
exposed.  On  the  west  face,  about  30  miles  north  of  Adams's  ranch,  in 
Sierra  Valley,  the  axis  of  a  broad  syneline  may  be  traced,  with  the 
rocks  on  both  sides  dipping  from  10°  to  SO"".  This  is  followed  to  the 
south  by  a  slight  anticline  and  this  by  a  broad  syneline,  whose  axis 
cuts  the  mountains  about  10  miles  southeast  of  Adams's  ranch,  at 
the  pass  through  which  runs  the  road  to  Pioche.  South  of  here  the 
8uccc»eding  anticlines  and  synclines  are  frequent  and  regular.  Since 
their  strike  is  transverse  in  general  to  the  trend  of  the  ridges  and 
since  diflFerent  ridges  are  composed  of  the  same  rocks,  the  folds  may 
l>e  traced  from  one  to  the  other  for  long  distances.  Thus,  south  of 
the  synclinal  fold  above  described  a  broad  anticline  was  observed, 
j^hich  comprises  the  rocks  for  a  distance  of  about  10  miles  to  the 
south  and  which  has  in  geileral  an  east-west  trend.  South  of  this 
a  comparatively  narrow  syneline  exists,  and  south  of  this  again  an 
anti(*linal  fold,  which  after  swinging  from  an  east-west  to  a  south- 
easterly dire(*tion,  appears  to  change  still  more.  Mil  it  enters  the 
Pahroc  Range  with  a  north-south  trend  and  constitutes  the  chief  fold 
of  those  mountains. 

In  general,  therefore,  the  Egan  Range  consists  of  open  and  sym- 
m<»trical  anticlines  and  synclines,  with  the  rocks  rarely  dipping:  more 
than  80°.  In  general  these  folds  trend  more  easterly  than  the  general 
trend  of  the  mountains,  and  thus  a  number  of  succeeding  folds  are 
exposed. 

FAULTINO. 

In  the  southern  part  of  the  range  several  deep  transverse  valleys 
suggest  fault  lines,  but  the  examination  was  too  havSty  to  be  sure  of 
their  existence. 

ORES. 

At  Mineral  City,  just  west  of  Ely,  lead,  silver,  and  gold,  with  some 
copper,  are  obtained.  At  this  locality  a  number  of  siliceous  dikes  cut 
up  through  the  limestone,  and  seem  to  l>e  connected  with  the  miner- 
alization. In  the  neighborhood  of  Ely  there  are  considerable  ore 
deposit.s.  At  Cherry  Creek  also  the  dikes  have  perhaps  brought  about 
the  deposition  of  the  minerals.  Some  of  the  ore  deposits  here  run 
comparatively  high  in  gold  and  silver. 

LONG  VALLEY  RANGE. 

Long  Valley  Range  consists  of  low  limestone  mountains.  Its  south- 
ern end,  just  east  of  Hamilton,  is  unite<l  with  the  White  Pine  Range 
by  a  series  of  connecting  north-south  parallel  ridges.  On  the  north 
it  extends  up  into  the  area  of  the  Fortieth  Parallel  sui-veys,  where  it 
is  repn^sented  by  a  series  of  detached  low  limestone  mountains  and 
finally  dies  out  in  the  valley. 
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TOPOGRAPHY. 

The  Long  Valley  Range  consists  in  general  of  a  single  main  ridge, 
on  both  sides  of  which  the  ascent  from  the  base  is  comparatively 
gentle.  The  interrupted  form  of  the  northern  end  of  the  range, 
resulting  in  detached  clumps  of  hills,  has  probably  been  brought 
about  by  erosion,  which  has  cut  deep  into  the  ridge  and  formed  val- 
leys which  were  afterwards  filled  up  with  detrital  material,  on  a  level 
with  that  of  the  main  valleys  between  the  ranges.  On  the  eastern 
side  of  the  south  end  of  the  range  a  great  flood  of  andesitic  lava  has 
filled  a  former  valley  to  a  height  equal  in  general  to  that  of  tlie  pre- 
existing ridges. 

This  andesite  itself  has  been  considerably  eroded.  The  valleys 
which  have  been  cut  in  it,  being  younger  than  the  main  valley  into 
which  the  lava  was  poured,  are  instructive  as  to  the  manner  of  the 
formation  of  desert  valleys  in  general  and  their  filling  up  with  detrital 
accumulations.  Each  of  these  narrow  valleys  in  the  lava,  often  only 
•  a  few  hundred  feet  wide,  presents  in  a  small  way  all  the  character- 
istics of  the  larger  valleys  which  separate  the  ranges.  In  the  middle 
is  a  flat  sage-brush  plain,  and  on  the  sides  long  gentle  slopes  of  wash 
proceed  from  the  gullies  which  cut  up  the  adjoining  ridges.  In  these 
deposits  of  the  smaller  valleys,  as  in  those  of  the  larger  valley,  there 
is  no  trace  of  deposition  in  the  presence  of  water,  but  the  valleys 
have  filled  up  evenly  and  smoothly  with  dry  material,  distributed 
perhaps  in  part  by  rivulets  and  by  wind  storms. 

SEDIMENTARY   ROCKS. 
CARBONIFEROUS. 

At  the  south  end  of  the  range  a  section  was  followed  along  a  portion 
of  the  road  between  Hamilton  and  Ely.  The  rock  here  is  a  limestone, 
often  cherty  or  aphanitic.  Under  the  microscope  the  chert  shows 
cross  sections  of  organic  forms.  The  western  edge  of  the  section 
yielded  the  following  Upper  Carboniferous  fossils,  which  were  deter- 
mined by  Dr.  Girty: 

Marginifera  mnricata? 
Productus  prattenianns. 
Prodnctus  inflatns? 

Farther  east  the  following  Tipper  Carboniferous  fossils  were  col- 
lected from  the  same  limestone  at  a  horizon  several  hundred  feet 
higher  than  the  above: 

Fenestella?  sp. 
Cami)ophyllnm  torquium? 
ProdtLCtns  prattenianns. 
Fnsnlina  cylindrica. 
Rhoinboi)ora  lepidodendroides. 
FistTilix>ora?  sp. 
Prodactxis  semireticalatas. 
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Only  Hl)out  1,000  feet  of  strata  are  exposed  in  this  section,  owing  to 
the  low  dip  o€  the  rocks. 

On  the  north  end  of  the  range  the  separated  groups  of  low  moun- 
tains above  mentioned  appear  to  be  almost  entirely  composed  of  Car- 
boniferous limestone.  They  are  so  shown  on  the  maps  of  the 
Fortieth  Parallel  Survey.  The  writer  collected  two  lots  of  Upper 
Carlwniferous  fossils  at  the  northern  end  of  the  limestone  mountain 
which  lies  just  east  of  Franklin  I^ke  and  the  northern  end  of  Ruby 
Lake.  This  is  practically  the  northern  terminus  of  the  Long  Valley 
Range,  although  in  the  Fortieth  Parallel  maps  it  is  given  under  the 
head  of  the  Ruby  Group  of  Mountains. 

According  to  Dr.  Girty's  determination,  the  first  locality  yielded 
Marginifera  splendens? 

The  second  locality  afforded  the  following: 

Cbonetes  flemingi. 
Productu8  STibhorridus. 
Productus  mnltistriatus. 
Spirifer  cameratns? 
Spiriferina  pulchra. 
Seminnla  mlra. 

South  of  the  lava  area  which  fills  the  valley  between  the  Ix>ng  Val- 
ley Range  and  the  Egan  Range,  on  the  road  from  Hamilton  to  Ely, 
there  is  a  narrow  spur  of  mountains  running  from  the  neighborhood 
of  Summit  stage  station  to  the  Egan  Range,  south  of  Ely.  This  may 
be  considered  as  an  outlying  spur  of  the  Egan  Range,  but  yet  may 
extend  l>eneath  the  lava  and  so  form  a  connection  with  the  Long 
Valley  Range.  From  the  rocks  of  this  spur  at  a  point  just  south  of 
Summit  station  a  Devonian  coral  was  obtained.  Farther  south  in  the 
same  ridge  are  Carboniferous  fossils,  as  described  under  the  head  of 
the  Egan  Range  (see  \}.  51). 

IGNEOUS  ROOKS. 
LAVAS. 

The  great  mass  of  lava  which  flanks  the  eastern  side  of  th-^  I^ng 
Valley  Range  proper  at  its  lower  end  has  already  been  mentioned. 
The  extent  of  this  patch  of  lava  to  the  north  is  uncertain,  but  prob- 
ably is  not  more  than  10  or  15  miles.  To  the  south  it  passes  under 
the  Pleistocene  accumulations  of  Sierra  Valley,  while  to  the  east 
and  to  the  west  it  abuts  against  the  limestones  of  the  Egan  and  the 
Long  Valley  ranges.  As  noted  above,  this  lava  has  been  considerably 
eroded.  Thin  sections  of  the  rock  show  it  to  be  in  general  a  dacite- 
andesite,  the  prevalent  type  being  a  dacite  containing  augite,  biotite, 
and  hornblende. 

STRUCTURE. 
FOLDING. 

A  section  taken  at  the  southern  end  of  the  range  shows  a  mono- 
clinal  structure  for  the  main  ridge.     In  reality,  however,  this  is  the 
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east  side  of  an  anticline  whose  axis  lies  in  a  narrow  valley  to  the  west 
of  the  main  ridge  and  whose  easterly  limb  is  exposed  in  the  next  ridge 
to  the  west  (see  fig.  1,  p.  66). 

TTie  spur  of  Devonian-Carboniferous  rocks  described  on  page  56  is 
separated  from  the  main  ridge  by  Pleistocene  deposits  and  by  lava, 
and  the  structural  connection  is  not  shown,  but  in  itself  it  exhibits  a 
series  of  somewhat  closely  compressed  regular  open  folds  with  north- 
south  strike,  changing  to  a  northwest-southeast  strike  as  the  spur 
approaches  the  Egan  Range.  In  this  minor  ridge  there  is  exposed, 
beginning  with  the  most  westerly  fold,  an  anticline,  a  syncline,  a  sec- 
ond anticline,  and  a  second  syncline. 

For  the  main  ridge  of  the  Long  Valley  Range  the  general  strike  is 
seen  to  be  parallel  to  the  general  trend  of  the  mountains;  that  is,  a 
little  east  of  north.  At  the  north  end  of  the  range,  at  the  fossil  local- 
ities, a  slight  syncline  with  a  general  north-south  strike  was  observed 
in  the  Carboniferous  limestone. 

GOLDEN  GATE  RANGE. 

The  Golden  Gate  Range  scarcely  deserves  a  separate  name,  on 
account  of  its  comparative  insignificance.  This  name  is  applied  to 
a  connected  series  of  low  mountains  which  lies  to  the  east  of  the 
Grant  Range,  and  properly  has  a  north-south  extent  of  not  more  than 
25  miles,  with  an  average  width  of  3  or  4  miles.  On  the  south  the 
Golden  Gate  Range  is  connected  by  low  hills  with  the  northern  exten- 
sion of  the  Hiko  Range,  while  on  the  north  the  range  dies  away  into 
the  Sierra  Valley.  Twenty-five  miles  north  of  the  north  end  of  the 
range  there  is  a  chain  of  low  hills  running  north  and  south  and  lying 
midway  between  the  White  Pine  Range  and  the  Egan  Range.  These 
hills  might  perhaps  be  considered  as  the  northern  continuation  of  the 
Golden  Gate  Range,  the  int/crvening  portion  being  covered  up  by  the 
Pleistocene  accumulations  of  Sierra  Valley. 

TOPOGRAPHY. 

The  mountains  which  make  up  the  Golden  Gate  Range  are  entirely 
detached  from  one  another,  and  are  separated  by  narrow  stretches 
of  Pleistocene  valley  deposits,  on  a  general  level  with  the  valleys  on 
both  sides  of  the  range.  The  separate  groups  are  sometimes  composed 
of  stratified  rocks  and  sometimes  of  lava.  The  hills  of  stratified  rock 
are  scarped  along  the  axes  of  anticlinal  folds.  They  are  therefore 
scarped  on  both  sides  when  they  are  synclinal,  while  when  they  are 
anticlinal  they  have  in  general  smooth  sides  with  a  shai^p  downcutting 
in  the  center.  The  groups  which  are  composed  of  volcanic  rocks  have 
naturally  a  milder  and  more  uniform  topography. 

SEDIMENTARY  ROCKS. 
Sn^URIAN. 

An  isolated  butte  at  the  northern  end  of  the  Golden  Gat^e  Range, 
not  veiy  far  from  Adams's  ranch  on  White  River,  exposes  a  very  inter- 
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esting  section  of  Silurian  rocks.  The  beds  here  strike  N.  35°  W.  and 
dip  30°  NE.  At  the  base  of  the  section  is  300  feet  of  thin-bedded, 
somewhat  fetid  limestone  and  limy  shale.  Above  comes  250  feet  of 
white  vitreous  quartzite,  which  is  undoubtedly  the  Eureka  formation. 
Above  this  comes  about  800  feet  of  comparatively  massive  brownish 
limestone  (the  Lone  Mountain  formation).  At  a  point  about  150 
feet  below  the  bottom  of  the  Eureka  quartzite,  in  the  Pogonip  lime- 
stone, Onlovician  fossils  were  found.  They  have  been  determined  b3' 
Dr.  Girty  as  follows: 

Orthis  perveta. 
Maclnrea  sp. 
Murchisonia  sp. 
Pleurotomaria  sp. 
Leperditia  bivla. 
niaenns  sp. 
Trilobites  nndet. 

DEVONIAN. 

Southwest  from  this  butte  and  about  10  miles  distant  is  a  consider- 
able clump  of  hills,  which  forms  one  of  the  chief  features  of  the  i-ange. 
A  section  of  al)out  2,000  feet  of  limestone  is  here  exposed.  The  lower 
1,000  feet  is  of  limestone,  which  in  places  has  the  peculiarity  of 
weathering  brown  and  craggy,  like  quartzite.  The  upper  1,000  feet  is 
composed  of  shale  and  thin-bedded  limestone.  In  the  lower  limestone, 
where  it  was  examined,  the  rocks  are  chiefly  composed  of  corals  and 
constitute,  therefore,  part  of  a  Devonian  coral  reef.  The  same  reef, 
with  the  same  corals,  was  found  in  the  ridges  which  form  the  southern 
continuation  of  the  Egan  Range,  12  or  15  miles  east  of  here.  The 
following  Devonian  fossils  were  identified  by  Dr.  Girty: 

Amphipora?  sp. 
Stromatoporoid  coral. 
Indeterminable  Kasteropod. 

PI.ELSTOCKNE. 

As  before  not-tnl,  the  hills  of  the  Golden  Gate  Range  are  surrounded 
and  often  separated  by  accumulations  of  Pleistocene  material.  This 
material  is  generally  angular  and  bears  the  marks  of  having  been 
brought  to  its  present  position  by  the  influence  of  rains,  wind,  and 
gravity,  not  by  stream  or  lake  action.  Probably  this  Pleistocene 
forms  a  veneer  over  underlying  Tertiary  dejwsits,  as  is  the  c^se  in 
the  next  valley  to  the  west — Railroad  Valley. 

In  the  neighborhood  of  the  Silurian  butte  above  mentioned  is  an 
extensive  deposit  of  calcareous  hot  spring  tufa,  covering  apparently 
an  area  of  several  square  miles  and  eroded  into  hills  and  bluffs  in 
places  40  feet  high.     Within  this  area  active  hot  springs  are  plentiful. 

IGNEOUS  ROCKS. 

Several  of  the  eminences  of  the  Golden  Gate  Range  are  composed 
of  volcanic  rocks,  which  also  surround  some  of  the  hills  of  stratified 
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rocks  and  apparently  extend  to  the  east  to  the  southern  end  of  the 
Egan  Range,  as  represented  on  the  map.  A  specimen  of  the  lava 
from  the  north  end  of  the  Golden  Gate  Range  proved  to  be  quartz-latite. 

STRUCTURE. 
FOLDING. 

In  the  stratified  rocks  of  the  Golden  Gate  Range  the  strike  runs 
diagonally  or  transversely  to  the  general  trend  of  the  mountains.  It 
has  been  noted  how  in  the  southern  part  of  the  Schell  Creek  and  Egan 
ranges  the  folds  have  northeast  and  southwest  axes,  which  are  diag- 
onal to  the  general  trentt^of  these  ranges.  In  the  Pahroc  Range  the 
trend  of  the  axes  of  folding  seems  to  be  north  and  south,  parallel  with 
the  mountains.  Between  the  Pahroc  and  the  Egan  ranges  there  is  an 
area  containing  a  number  of  minor  cross  folds,  which  have  a  curving 
axis  and  which  extend  to  and  connect  with  the  folds  of  the  Golden 
Gate  Range.  Several  of  these  minor  folds  seem  to  die  out  just  west 
of  the  Golden  Gate  Range. 

The  anticlinal  fold  which  marks  the  rocks  of  the  northernmost  and 
chief  group  of  hills  of  the  range  in  which  the  Devonian  corals  were 
found  may  be  a  continuation  of  a  possible  broader  anticlinal  axis 
running  between  the  Worthington  Mountains  aud  the  northern  end 
of  the  Hiko  Range.  The  folds  of  the  Golden  Gate  Range  lying  south 
of  this  anticline,  comprising  two  more  anticlines  with  intervening 
synclines,  do  not  have  any  visible  relation  to  the  folds  to  the  west  or 
south.  However,  they  may  be  traced  continuously  to  the  east  across 
the  several  ridges  which  mark  the  southern  end  of  the  Egan  Range. 
The  southernmost  folds  curve  around  southeasterly  towai*d  the  Pah- 
roc Range,  while  the  northerly  ones,  diverging  from  the  others,  main- 
tain a  northeasterly  direction. 

PAUI.TING. 

In  the  neighborhood  of  the  Silurian  butte  above  mentioned  the 
abundance  of  hot  springs  suggests  the  presence  of  faults,  but  this 
could  not  be  established. 

HUMBOLDT  RANGE. 

The  Humboldt  Range  is  the  mast  important  mountain  ridge  in  the 
Great  Basin  between  the  Wasatch  and  the  Sierra  Nevada.  Its  south- 
ern end  only  was  visited  by  the  writer,  and  as  this  has  already  been 
mapped  and  explored  bj^  the  geologists  of  the  Fortieth  Parallel  Sur- 
vey, it  is  unnecessary  here  to  go  into  details.  But  inasmuch  as  the 
writer  collected  fossils  in  localities  from  which  none  had  been  reported, 
it  is  thought  advisable  to  insert  this  short  description. 

TOPOGRAPHY. 

North  of  Fremont  Pass  the  Humboldt  Range  is  exceedingly  rugged 
and  precipitous.     South  of  the  pass  the  mountains  become  lower. 
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At  Hastings  Pass  they  are  of  only  moderate  height,  and  the  ascent  from 
the  base  on  both  sides  to  the  summit  is  not  precipitous.  South  of 
Hastings  Pass  the  mountains  are  still  lower,  and  pass  into  straggling 
groups  which  connect  with  the  northern  extension  of  the  White  Pine 
Range. 

SBDIMBNTART  ROCKS. 

North  of  Fremont  Pass  the  Humboldt  Range  consists  mainly  of 
Archean  rocks,  as  has  been  described  by  King"  and  Hague.*  These 
rocks  consist  of  a  series  of  gneisses  and  schists  overlying  the  basal 
granite  and  having  a  thickness  of  8,000  or  10,000  feet.  Of  this  series 
the  lower  5,000  feet  is  in  general  a  mica-gneiss,  while  the  upper  5,000 
feet  is  a  homblendic  and  dioritic  schist,  containing  veins  of  quartzite. 
At  the  top  are  beds  of  limestone  and  quartzite.  Above  this  gneiss 
and  schist  series  comes  a  series  of  quartzites  about  2,000  feet  thick. 
The  quartzites  are  white  or  yellow-brown  in  color  and  contain  sec- 
ondary garnet,  hornblende,  actinolite,  muscovite,  biotite,  and  iron 
oxide.  On  them  rest  unconformably  the  Paleozoic  strata,  with  the 
Devonian  generally  at  the  base  and  the  Carboniferous  above. 

King  notes  the  resemblance  of  the  quartzite  series  (which  lies 
unconformably  beneath  the  Paleozoic  beds)  to  similar  rocks  in  the 
Wasatch  Mountains.  It  is  possible  also  that  the  thick  white  and 
brown  Cambrian  quartzites  exposed  in  the  Snake  Range,  especially 
in  the  vicinity  of  Jeff  Davis  or  Wheeler  Peak,  may  be  equivalents  of 
the  Humboldt  quartzite. 

South  of  Fremont  Pass  the  eastern  face  of  the  range  is  composed  of 
easterly  or  southeasterly  dipping  limestones.  At  a  point  not  more 
than  4  miles  south  of  the  pass  the  following  Coal  Measures  fossils  were 
collected  by  the  writer  from  a  butte  at  the  base  of  the  mountains. 
They  were  determined  by  Dr.  Girty  as  follows: 

Fistnlipora  sp. 
Camix)phyllnm  torqninm? 
Lophophyllmn  prolifemm. 
Rhipidomella  pecosi. 
Productus  sp. 
Spirifer  cameratns. 

These  same  limestones  continue  all  along  the  east  face  of  the  range 
as  far  as  Hastings  Pass.  On  the  summit  of  the  pass  is  found  a  con- 
siderable thickness  of  sandstones  mixed  with  fine  conglomerates. 
These  the  Fortieth  Parallel  geologists  regarded  as  Devonian  of  the 
Ogden  formation,  which  would  correspond  to  the  Diamond  Peak 
quartzite  of  the  Eureka  section.  A  short  distance  west  of  the  summit 
the  Paleozoic  rocks  are  overlain  unconformably  by  thick  deposits 
belonging  to  the  Humboldt  Pliocene  of  the  Fortieth  Parallel  Survey. 
At  the  upper  edge  of  the  Pliocene  deposits  the  material  consists  of 

aU.  8.  Qeol.  Expl.  Fortieth  Par.,  Vol.  I,  p.  62.  b  Idem,  Vol.  II,  p.  628. 
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large  angular  fragments  of  limestone.  From  some  of  the  largest  of 
these  fragments  fossils  were  obtained  which  were  determined  by 
Professor  Ulrich  as  Ordovician. 

Leperditia  bivia  White. 
Leperditia  sp.  (nevadensis?). 
Rhynchonella? 

Strophomena  minor  Walcott. 
Strophomena?  nemea  H.  &  W.? 
Dalmanella  perveta?  Walcott. 
Bathyums. 

If  Silurian  rocks  exist  in  place  at  this  point  one  may  well  suppose 
that  they  are  exposed  by  means  of  a  fault,  for  otherwise  the  thick- 
ness of  strata  in  the  mountains  seems  hardly  sufficient  to  account  for 
their  appearance. 

IGNEOUS  ROCKS. 

North  of  Fremont  Pass  the  basal  rock  appears  to  be  mica-granite,  as 
described  by  King.«  South  of  Hastings  Pass  a  considerable  ai^ea  is 
also  represented  as  granite  in  the  Fortieth  Parallel  maps. 

STRUCTURE. 
FOLDING. 

The  general  structure  of  the  Humboldt  Range  is  a  broad  anticline, 
as  has  been  mentioned  by  King*  and  by  Hague,*^  and  as  can  be  seen 
by  an  inspection  of  the  maps  of  the  Fortieth  Parallel. 

FAULTING. 

It  appeared  to  the  writer  that  Fremont  Pass  is  the  line  of  an  east- 
west  fault,  and  that  this  explains  the  abutting  of  the  Paleozoic  rocks 
on  the  south  against  the  granite  and  Archean  on  the  north.  More- 
over, the  above-mentioned  Paleozoic  rocks  are  sharply  turned  up 
along  this  supposed  fault  line,  so  that  they  dip  steeply,  and  their 
strike  swings  round  from  the  normal  north-south  direction  to  a 
northeasterly  one,  so  as  to  be  nearly  parallel  with  the  supposed  fault. 

The  possible  existence  of  a  fault  along  the  west  side  of  Hastings 
Pass  exposing  the  Silurian  rocks  has  been  mentioned  above. 

WHITE  PINE  RANGE. 

The  White  Pine  Range,  as  here  described,  is  the  southern  continu- 
ation of  the  Humboldt  Range,  and  its  northern  end  begins  about  10 
miles  south  of  Hastings  Pass,  in  that  range.  From  this  point  it 
extends  unbroken  southward  for  100  miles,  with  a  general  due  north- 
south  trend.  At  its  southern  end  it  is  continuous  with  the  short 
Grant  Range,  which  topographically  and  geologically  is  a  part  of  it, 
but  which  is  differently  named  and  will  be  described  separately. 

aU.  S.  Owl.  ExpL  Fortieth  Par.,  Vol.  I, p.04.  Mbid.,p.lfl3.  «? Idem, Vol.  II,  p.538. 
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TOPOGRAPHY. 

The  northern  part  of  the  White  Pine  Range,  from  the  southern  end 
of  the  IlumlmUlt  Range  to  the  White  Pine  mining  district,  consists  of 
a  main  ridge,  which  is  narrow  and  not  very  high,  with  a  number  of 
minor  ridges  on  each  side,  separated  from  the  main  ridge  by  narrow 
valleys  in  which  the  underlying  rock  is  only  partly  ol>scured  by 
PleisU><*ene  detritus.  In  the  vicinity  of  the  White  Pine  mining  dis- 
trict the  mountains  grow  higher  and  the  small  north-south  ridges 
change  into  a  complicated  group  of  irregular  mountains.  At  the 
same  time  the  main  ridge  broadens  out  to  four  or  five  times  its 
former  width. 

In  the  White  Pine  mining  district  three  mam  north-south  ridges 
may  be  distinguished — that  of  Pogonip  Mountain  on  the  west,  the 
minor  one  of  Treasure  Hill  in  the  middle,  and  that  of  Mokeamoke 
Ridge  on  the  east.  Still  fnilher  east  a  succession  of  regular  north- 
south  ridges,  similar  to  those  just  described  for  the  northern  part  of 
the  range,  form  a  continuation  of  the  southern  end  of  the  Long  Valley 
Range. 

Within  the  White  Pine  mining  district  the  mountains  reach  a  height 
of  10,000  feet  above  the  sea,  while  to  the  north  and  to  the  south  they 
are  considerably  lower.  To  the  south  of  the  district  also  the  moun- 
tains assume  something  of  the  same  simple  chai*acter  as  they  do  to 
the  north,  being  made  up  of  regular  north-south  ridges,  and  for 
tlie  most  part  consisting  of  a  single  main  ridge.  While  in  the  mining 
ilistnct  the  mountains  and  valleys  are  irregulkr,  the  topography  of 
the  range  to  the  north  and  to  the  south  is  quite  conventional,  showing 
a  uniform  succession  of  serrated  peaks  of  nearly  uniform  height,  with 
their  sides  furrowed  at  comparatively  regular  intervals  by  the 
drainage. 

Within  the  mining  district  the  irregularity  is  due,  as  will  be  pres- 
ently seen,  to  the  local  complexity  of  the  geologic  structure.  Pogonip 
Mount^iin,  which,  near  Hamilton,  juts  boldly  out  from  the  main  ridge 
and  is  the  highest  peak  in  the  whole  neighborhood,  has  a  bold  scarp 
to  the  north  and  to  the  west.  Throughout  the  district  there  are  a 
number  of  other  precipitous  cliffs.  But  in  the  I'est  of  the  range  the 
mountains  show  tlie  same  steep,  but  yet  not  abrupt,  faces  that  are 
characteristic  of  the  otlier  ranges  of  the  region.  It  was  noticed,  how- 
ever, that  south  of  Hamilton  the  west  face  of  the  mountains  was  rather 
steeper  than  the  eastern  one. 

SEDIMENTARY   ROCKS. 
CAMBRIAN. 

Pogonip  Mountain  is  composed  of  Paleozoic  strata  which  dip  in 
general  toward  the  east,  forming  the  western  limb  of  the  syncline 
whose  eastern  limb  is  exposed  on  the  west  side  of  Treasure  Hill  Ridge. 
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On  the  western  side  of  Pogonip  Mountain  Mr.  Walcott^  has  deter- 
mined from  fossils  the  existence  of  the  Cambrian  Hamburg  limestone 
of  the  Eureka  section.  About  800  feet  of  the  Cambrian  is  exposed  at 
tbis  point. 

SILUBIAN. 

Silurian  rocks  were  described  from  Pogonip  Mountain  by  Mr. 
Hague  ^  during  the  Fortieth  Parallel  Survey.  Later  on  the  Silurian 
beds  were  also  visited  and  reported  upon  by  Mr.  Walcott.^  Mr.  Wal- 
cott  found  in  Pogonip  Mountain  the  following  formations,  divided 
according  to  the  Eureka  section : 

Section  at  Pogonip  Mountain. 

Feet. 

Lone  Moontain  limestone 1, 450 

Eureka  quartzite 350 

Pogonip  limestone- _ 5, 200 

The  writer  obtained  from  Mr.  Grandelmeyer,  of  Hamilton,  a  fossil 
said  to  come  from  a  locality  about  6  miles  south  of  that  place.  It 
was  identified  by  Dr.  Girty  as  Recepiacidites  sp.  and  assigned  to  the 
Ordovician. 

DEVONIAN. 

While  Pogonip  Mountain  is  composed  almost  entirely  of  Silunan 
strata,  the  ridge  next  east  is  made  up  almost  entii'ely  of  Devonian. 
Mr.  Hague  has  described  the  strata  and  their  contained  fossils  at  this 
point.  The  formation,  divided  according  to  the  Eureka  section,  com- 
prises the  Nevada  limestones  and  the  White  Pine  shales.  Besides 
this  Devonian  ridge,  the  writer  has  also  recognized  the  White  Pine 
Devonian  on  the  east  side  of  Mokeamoke  Ridge,  where  it  is 
repeatedly  brought  to  the  surface  beneath  the  Carboniferous  rocks 
by  the  erosion  of  anticlinal  folds.  He  has  moreover  traced  it  north 
of  the  White  Pine  mining  district  for  some  distance  along  the  west 
side  of  Mokeamoke  Ridge,  where  it  is  largely  hidden  by  Pleistocene 
detritus. 

CARBONIFEROUS. 

The  third  and  most  easterly  of  the  three  ridges  at  White  Pine, 
Mokeamoke  Ridge,  is  made  up  chiefly  of  Carboniferous  rocks  which 
carry  abundant  fossils.  A  list  of  Carboniferous  fossils  obtained  from 
Mokeamoke  Ridge  in  the  mining  district  is  given  by  Mr.  Hague.*' 
The  writer  has  traced  the  continuation  of  the  Carboniferous  belt  of 
Mokeamoke  Ridge  15  or  20  miles  north  of  the  mining  district.     At  a 

a  Mon.  U.  S.  Geol.  Survev  Vol.  XX,  p.  191. 

b  U.  8.  Geol.  Expl.  Fortieth  Par.,  Vol.  U,  p.  542. 

«»0p.  cit.,  p.  191. 

<fOp.cit.,p.6i7. 
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poiut  6  miles  north  of  Hamilton  Upper  Carboniferous  fossils  were 
coUecteil.     The  following  were  determined  by  Dr.  Giity: 

Productus  aemireticulatus? 
Spirifer  boonensis. 
Seminula  snbtilita? 
Enomphalns  sp. 

In  the  name  rocks,  close  by  the  above  locality,  Init  at  a  horizon 
al>out  200  feet  higher  up,  were  found  the  following: 

Productus  prattenianus. 
Productus  sp. 
Spirifer  boonensis. 
Seminula  subtilita. 

The  minor  parallel  ridges  which  mark  the  northern  end  of  the  range 
have  all  the  aspect  and  structure  of  the  Carboniferous  limestones. 
The  writer  has  also  found  Upper  Carboniferous  limestones  lying 
directly  north  of  Pogonip  Mountain,  being  separated  from  the  Silu- 
rian rocks  at  this  point  by  a  heavy  east- west  fault  which  deter- 
mines the  northern  end  of  this  mountain.  Here  the  following  fossils 
were  collected : 

Lithostrotion?  sp. 
Productus  sp. 
Spirifer  boonensis. 
Spirif  erina  gonionotus. 
Seminula  mira? 
Bulimorpha  chrysalis? 

On  the  eastern  side  of  Mokeamoke  Ridge  the  writer  has  traced  the 
Carboniferous  rocks  continuously  across  the  intervening  ranges  to  the 
southern  end  of  the  Long  Valley  Range. 

At  the  head  of  Allepaw  (Applegarth?)  Canyon,  which  is  on  the  east 
si<le  of  the  range,  just  east  of  Hamilton,  Glyphioceras  sp.,  an  Upper 
Carboniferous  form,  was  found. 

Half  a  mile  farther  east,  down  the  canyon,  were  found  the  follow- 
ing Upper  Carboniferous  fossils:  Marginiferaviuricatas^  Prodiwtus 
semireticulafus^  Productus  pratleu  ian u^. 

Still  half  a  mile  farther,  at  the  old  pumping  station  for  the  town  of 
Hamilton,  were  found:  Orhiculoidea  sp,y  Product tis  son i ret ieulatuSy 
Prodiuius  pratten  ian  uSy  Ma  rgin  if  era  in  uricatn  9 

Along  this  st^ction  the  Carboniferous  rocks  alternate  with  narrow 
belts  of  the  underlying  Devonian,  which  is  exposed  by  the  erosion  of 
the  anticlinal  folds. 

The  Carlxmiferous  section  here  has  always  at  the  Imse  the  Diamond 
Peak  quartzite  of  the  Eureka  section.  This  quartzite,  or  rather  sand- 
stone (for  it  is  not  actually  a  quartzite),  outcrops  all  along  the  western 
base  of  Mokeamoke  Ridge,  so  far  as  this  has  been  followed,  and  has 
a  thickness  of  several  hundred  feet — much  smaller  than  at  Eureka. 
Above  the  sandstone  come  heavy,  blue  limestones  containing  Coal 


Digitized  by 


Google 


HPi'H"!  WHITE    PINE    RANGE.  65 

Measures  fossils.  In  the  Carl)oniferoiis  hillocks  at  the  northern  base 
of  Pogonip  Mountain  conglomerates  were  found  containing  pebbles 
of  red  and  purple  chert,  closely  resembling  similar  l)eds  just  west  of 
here,  on  the  east  side  of  the  Pancake  Mountains. 

RHYOLITE  ASH. 

North  of  the  White  Pine  mining  district  and  on  the  western  side  of 
Mokeamoke  Ridge,  the  broad  area  of  low  hills  is  partly  covered  by  a 
deposit  of  stratified  rhyolitic  ash.  NearSixmile  House,  6  nules  north 
of  Eureka,  a  dike  of  rhyolite  is  found  which  cuts  this  deposit  and 
shows  that  the  ash  is  the  earlier  of  the  two.  It  is  very  likely  that 
this  rhyolite  ash  is  of  the  same  age  as  that  exposed  at  Twin  Springs 
in  the  Pancake  Range. 

IGNEOUS   ROCKS. 
LAVA. 

The  existence  of  a  rhyolite  dike  in  the  vicinity  of  Sixmile  House 
has  just  been  referred  to.  In  this  neighborhood  and  farther  north 
one  finds,  together  with  the  rhyolite  iish  already  described,  numerous 
small  buttes  of  lava  which  have  been  eroded  into  separate  patches, 
but  which  once  evidently  were  joined  together  to  form  a  continuous 
thin  sheet  which  spread  over  this  region. 

GRANITE. 

Small  patches  of  coai-se-grained  hornblende-granite  have  been  men- 
tioned by  Hague'*  as  outcropping  along  the  base  of  Pogonip  Mountain. 
Whether  this  granite  is  intrusive  or  Archean  is  not  stated. 

STRUCTURE. 
FOLDING. 

The  main  ridge,  Mokeamoke,  which  extends  north  from  the  White 
Pine  mining  district,  has  a  general  synclinal  structure.  This  syncline 
is  variously  affected  by  erosion,  so  that  at  times  one  limb  is  almost 
completely  worn  away,  giving  the  range  the  aspect  of  being  monocli- 
nal.  For  the  most  part,  however,  this  syncline  is  well  shown  for  a 
number  of  miles  north  of  Hamilton.  Still  farther  north,  as  far  as  the 
southern  end  of  the  Humboldt  Range,  the  structure  was  not  carefully 
observed,  but  in  general  it  consists  of  a  series  of  gentle  open  folds 
trending  parallel  to  the  mountain  ridges.  On  Coal  Burners  or  Bald 
Mountain  the  attitude  of  the  strata  seems  to  be  very  near  horizontal. 

Besides  the  main  IVIokeamoke  Ridge,  whose  structure,  as  sketched 
about  8  miles  north  of  Hamilton,  is  shown  in  the  accompanying  figure 

a  U.  S.  Qeol.  Expl.  Fortieth  Par.,  VoL  II,  p.  542, 
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(fig.  1),  there  are  several  minor  parallel  ridges.  North  of  the  White 
Pine  mining  district  these  minor  ridges  lie  east  of  the  main  one,  form- 
ing a  continuous  section   which  unites  Mokeamoke  Ridge  with  the 
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-Sket<*h  Hection  5  miles  north  of  Hamilton  across  White  Pine  Range  to  the  e«istem  ed^ 
of  Long  Valley  Range.    (For  explanation  of  numbers  see  fig.  2.) 


southern  end  of  the  Long  Valley  Range.     These  ridges  and  the  accom- 
panying valleys  (in  whose  bottoms  the  rock  is  very  little  obscured  by 
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Skt»tfh  section  through  White  Pine  Range  at  Hamilton  at  the  junction  of  White  Pine 
and  Long  Valley  ranges. 


1 .  Cambrian  limestones. 

2.  Pogonip  limestone  (Silurian). 

3.  Eureka  quartzite  (Silurian). 

4.  Lone  Mountain  limestone  (Silurian). 

5.  Nevada  limestone  (Devonian). 


6.  White  Pine  shale  (Devonian). 

7.  Diamond  Peak  quartzite  (Coal  Measures). 

8.  Coal  Measures  limestone. 

9.  Valley  wash  (Pleistocene). 


detritus)  expose  a  series  of  gentle  anticlinal  and  synclinal  folds  of 
similar  character  to  the  syncline  of  Mokeamoke  Ridge.  The  struc- 
ture here  is  shown  in  fig.  2. 

FAULTING. 

In  the  region  of  Hamilton,  where  the  mountains  widen  out  notice- 
ably, the  structure  of  the  rocks  west  of  Mokeamoke  Ridge  consists  in 
general  of  a  pronounced  north-south  trending  anticline,  which  affects 
the  central  ridge  comprising  Treasure  Hill  and  minor  eminences,  and, 
farther  west,  a  general  syncline,  the  western  limb  of  which  is  Pogonip 
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ridge.  Within  this  region  also  there  are  a  great  number  of  faults, 
which  appear  in  general  to  belong  to  two  systems,  one  having  a 
north-south  and  the  other  an  eiist-west  strike.  The  heaviest  fault  of 
the  region  appeared  to  the  writer  to  be  that  at  the  northern  end  of 
Pogonip  Mountain,  where  the  Coal  Measures  limestones  are  brought 
by  a  hidden  east-west  fault  directly  against  the  Silurian  strata  of 
the  mountain.  This  fault,  therefore,  must  have  a  vertical  displace- 
ment of  from  7,000  to  10,000  feet.  On  the  northwest  comer  of  Pogo- 
nip Mountain  another  fault  was  observed,  having  a  considerably  less 
displacement  and  a  northwest  strike.  Mr.  Hague**  mentions  another 
heavy  fault  on  the  western  side  of  the  same  mountain.  Between 
Pogonip  Mountain  and  the  Treasure  Ilill  ridge  there  is  also,  accord- 
ing to  Mr.  Hague,*  a  displacement.  In  Treasure  Hill  itself  Mr. 
Hague*'  described,  and  the  writer  subsequently  observed,  an  east- 
west  fault  which  crosses  from  the  southern  side  of  Treasure  Hill 
to  Pogonip  Mountain.  It  appeared  to  the  writer  also  that  the  steeply 
bent  anticlinal  fold  which  is  exposed  in  an  east-west  cross  section  of 
Treasure  Hill  has  been  faulted  somewhat  along  it«  axis  and  the  east- 
ern part  relatively  downthrust,  the  fault  being  probably  a  normal 
one.  There  are  certainly  many  other  faults  in  the  mining  district, 
but  all  the  examinations  thus  far  made  have  been  cursory.  On  the 
western  side  of  Mokeamoke  Ridge  and  in  AUepaw  ( Applegarth?)  Can- 
yon a  number  of  probable  east-west  faults  were  observed. 

It  will  bte  noted  that  this  faulting  is,  so  far  as  observeil,  restricted 
to  the  neighborhood  of  the  mining  district.  To  the  north  and  to  the 
south  there  is  little  reason  for  believing  that  the  mountains  are  much 
affected  by  faulting.  The  White  Pine  district,  then,  bears  exactly  the 
same  relation  to  the  rest  of  the  White  Pine  Range  as  the  Eureka 
district  does  to  the  Diamond  Range.  Both  are  areas  of  local  and 
special  dynamic  disturbance,  resulting  in  folding,  faulting,  and  ore 
deposition,  and  in  both  the  special  effects  die  out  in  a  surprisingly 
short  distance. 

RELATION  OF  TOPOGRAPHY  TO  STRUCTURE. 

In  the  northern  part  of  the  White  Pine  Range,  north  of  the  mining 
region,  there  is  a  distinct  tendency  toward  anticlinal  valleys  and 
synclinal  ridges.  The  mountains,  therefore,  though  determined  pri- 
marily by  erosion,  yet  have  the  location  of  their  ridges  and  valleys 
governed  by  the  position  of  the  folds.  South  of  the  White  Pine 
mining  region  the  same  general  peculiarities  hold  to  the  southern  end 
of  the  range. 

Within  the  mining  region  itself  the  faults  introduce  a  new  feature 
into  the  topography.     The  whole  district,  as  before  stated,  is  traversed 

«Mon.  U.  8.  Geol.  Survey  Vol.  XX,  p.  190. 

blhid.,  p.  192. 
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by  a  north-south  and  an  east-west  system  of  faults,  with  minor  diago- 
nal ones.     Some  of  these  are  attended  by  steep  scarps. 

In  the  same  district  where  these  scarps  occur  the  folds  seem  to 
have  directly  determined  the  topography.  The  Treasure  Hill  ridge 
is  anticlinal  and  the  valley  between  it  and  Pogonip  Mountain  syn- 
clinal. But  Mokeamoke  Ridge  and  the  ridges  to  the  west  are  syn- 
clinal, with  anticlinal  valleys,  indicating  a  long-continued  erosion 
perioil.  The  folding  of  the  ridges  to  the  west  of  Mokeamoke  Ridge 
was  then  distinctly  later  than  that  of  the  ridge  itself  and  later  than 
that  of  the  range  in  general. 

The  faults  of  the  mining  district  appear  to  belong  also  to  the  same 
recent  epoch  as  the  associated  folds.  Those  of  Treasure  Hill  have 
apparently  been  affected  very  little  by  erosion,  and  are  marked  by 
scarps  which  seem  to  represent  very  closely  the  vertical  displace- 
ment. The  same  seems  to  be  true  of  the  heavy  fault  which  forms  the 
northern  end  of  Pogonip  Mountain,  which  has  already  been  mentioned. 

ORES. 

The  structurally  complicated  region  around  Hamilton  has  been  the 
site  of  rich  ore  deposition.  The  ores  are  distinctly  connected  with 
the  fault  fissures  and  have  formed  largely  in  their  vicinity.  Mr. 
Hague  ^  describes  the  occurrence  of  the  silver  deposits  of  Ti-easure 
Hill  as  (1)  in  fissures,  striking  east  and  west;  (2)  in  deposits  between 
the  limestone  and  shale;  (3)  in  beds  or  chambers  in  the  limestone 
and  parallel  to  the  stratification  of  the  rock;  and  (4)  in  the  regular 
seams  or  joints  across  the  rock  bedding,  most  frequently  with  a  north- 
south  trend.  The  minerals  found  in  the  mining  district  comprise 
quartzite,  calcite,  gypsum,  fluoritc,  barite,  black  oxide  of  manganese, 
rhodochrosite,  cerargyriU*,  galena,  cerussite,  and  azurite.  The  dis- 
trict once  had  a  population  of  many  thousand,  but  at  present  there  is 
very  little  activity. 

QUINN  CANYON  AND  GRANT  RANGES. 

The  Grant  Range  is  really  the  southern  extension  of  the  White 
Pine  Range,  there  being  no  decided  break  between  the  two.  It  has  a 
length  from  north  to  south  of  about  30  miles.  The  Quinn  Canyon 
Range  is  closely  connected  with  the  Grant  Riinge,  being  separated 
only  by  a  narrow  rock-cut  valley,  whose  lK)ttom  is  for  the  most  part 
comparatively  free  from  detritus.  It  is,  however,  offset  from  the 
Grant  Range  to  the  west.  The  Quinn  Canyon  Range  is  broad  and 
short,  having  a  north-south  extent  of  about  25  miles,  and  an  east- west 
extent  of  nearly  20  miles. 

TOPOGRAPHY. 

The  Grant  Range  consists  of  a  single  main  ridge,  rather  flat  and 
broad  on  top,  and  cut  up  deeply  by  the  smaller  mountain  valleys. 


aU.  S.  Geol.  Expl.  Fortieth  Par.,  Vol.  Ill;  p.  418 
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which  run  out  into  the  wide  detritus-filled  main  valleys.  These 
smaller  valleys  and  their  auxiliary  gulches  are  generally  bounded  by 
steep  walls.  In  general,  the  main  mountain  fronts,  on  the  east  and 
west,  are  also  steep.  The  south  end  of  the  range,  which  lies  just  east 
of  Garden  Valley,  decreases  gradually  in  height,  and  so  passes  into  a 
series  of  low  buttes  which  run  out  into  the  valley. 

The  Quinn  Canyon  Range  is  bounded  by  steep  cliffs  on  the  east, 
west,  and  north  sides  of  its  northern  half,  and  the  small  valleys  and 
ravines  which  have  been  worn  in  this  half  are  guaMed  by  the  same 
precipitous  walls  as  in  the  Grant  Range.  This  part  of  the  range  is 
cut  out  of  limestone;  hence  its  rugged  and  irregular  topography.  The 
southern  part  of  the  range  is  a  mass  of  volcanic  rocks,  which,  how- 
ever, have  been  extensively  eroded.  The  type  of  topography  is  nat- 
urally quite  different  from  that  in  the  limestone  region,  the  distribu- 
tion of  the  v^alleys  being  regular  and  the  rocks  being  cut  up  into  steep 
but  not  precipitous  mountains.  The  southern  end  of  the  range  also 
appears  to  have  a  more  gradual  descent  into  the  plain  that  has  the 
northern. 

SEDIMENTARY  ROCKS. 
CAMBRIAN. 

In  the  foothills  at  the  north  end  of  the  Quinn  Canyon  Range  and 
to  the  north  of  the  abrupt  scarp  which  limits  the  northern  end  of  the 
mountain  proper  an  exposure  of  rusty-brown  shaly  limestone  was 
found  in  a  canyon,  from  which  fossils  were  collected.  They  were 
determined  by  Mr.  Walcott  as  Cambrian. 

These  were  the  onl}'  Cambrian  rocks  found  in  the  two  ranges. 
Immediately  to  the  south,  in  the  high  mountains  of  the  Quinn  Canyon 
Range,  the  rocks  are  Silurian  and  probably  also  Devonian,  and  indeed 
an  outcrop  of  undoubtedly  Silurian  quartzite  (Eureka  formation)  was 
found  only  a  short  distiince  east  of  the  Cambrian  locality.  The  atti- 
tude of  the  beds  in  both  outcrops  makes  it  clear  that  between  the  two 
there  is  a  heavy  fault,  and  from  the  lack  of  faulting  in  the  Quinn 
Canyon  Range  proper  it  is  clear  that  the  fault  does  not  run  in  a 
north-south  direction,  but  must  run  in  a  general  east-west  direction, 
not  far  from  the  base  of  the  heavy  scarp  which  delimits  the  mountain 
at  its  north  end. 

SILURIAN. 

On  the  steep  west  face  of  the  northern  end  of  the  Quinn  Canyon 
Range  the  mountains  near  the  base  consist  of  massive,  often  shaly, 
dark-blue  to  gray-blue  limestone,  much  broken  and  veined  as  a  con- 
sequence of  granitic  intrusions.  On  account  of  the  alteration  the 
organic  remains  obtained  from  this  limestone  are  not  identifiable. 
Six  hundred  or  800  feet  above  the  base  of  the  limestone,  as  exposed, 
comes  about  200  feet  of  hai'd  white  vitreous  quartzite,  which  one  at 
once  recognizes  as  probably  the  Eureka  formation.  Above  this 
quartzite  comes  upward  of  4,000  feet  of  gray-blue  extremely  massive 
limestone,  extending  to  the  top  of  the  mountain  and  weathering  into 
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smooth,  p©rpendi«iilftr,  pinnacled  cliffs.  This  same  limestone  was 
found  all  along  the  north  end  of  the  mountain  scarp,  and  also  forms 
the  precipitous  cliffs  on  the  east  side  of  the  mountain  front,  opposite 
the  Grant  Ran£:e. 

In  some  low  foothills  on  the  northern  slope  of  this  range,  facing 
Railroad  Valley,  the  following  Ordovician  fossils  (determined  by  Pro- 
fessor Ulrich)  were  found  by  Mr.  F.  B.  Weeks^  in  1900: 

Girvanella  sp.  undet. 

Orthis  n.  8p.  (cf.  O.  holstoni  Safford). 

Dalmanella  perveta. 

Orthis  tricenaria  ? 

Cf .  Strophomena  nemea  H.  &  W. 

Zygospira  n.  sp.    A  large  species,  ^  inch  or  more  wide. 

Three  undetermined  brachiopods,  possibly  referrable  to  Platystrophia. 

Orthodesma  sp.  nndet. 

Lophospira. 

Cf .  Pleurotomaria  lonensis  Walcott. 

Orthoceras. 

Leperditia  (near  L.  fabnlites  Conrad). 

Leperditella  sp. 

Primitia  (near  P.  celata  Ulrich). 

Bath y urns  (1). 

Bathyiims  (2). 

Bathynrus  (3). 

Within  the  main  range,  on  the  slopes  of  Bi^  Creek,  in  the  north- 
western part  of  the  range,  the  following  Ordovician  fossils  were  col- 
lected by  Mr. Weeks,  determined  by  Professor  Ulrich: 

Receptaculites  mammilaris  Newberry. 

Receptaciilites  ellipticns  Walcott. 

Plates  of  a  large  Carabtx^rinus  similar  to  one  occurring  in  shales  of  Black 
River  age  of  Minnesota. 

Plates  of  Caral)ocrinn8  ?  with  pnstulose  surface. 

Monotrypa  sp.  undet. 

Batostoma  sp.  undet. 

Orthis  n.  sp.  (near  O.  holstoni  Safford). 

Orthis  i)ogonipensis  H.&  W.  (cf.  O.  perveta). 

(Jrthis  tricenaria  Conrad  (small  form). 

Orthis  lonensis  'i  Walcott. 

Maclurea  sp.  undet.  (near  M.  bigsbyi). 

Gyronema  sp.  nov.  (near  G.  semicarinatum  Salt.  sp.). 

Gen.  et  sp.  nov.  (related  to  Oxydiscus  and  Conradella). 

Orthoceras  (small  8i>ecies). 

Endoceras  sp.  undet.  (with  "  Colpoceras  "  type  of  siphuncle). 

Leperditia  n.  sp.  (semipunctate). 

Leperditia  n.  sp.  (elongate  bivia). 

Leperditella  sp.  (near  germana  Ulrich). 

Leperditella  sp.  with  ventral  swelling  in  left  valve. 

Schmidtella  n.  sp.  (near  S.  crassimarginata). 

Aparchites  sp.  undet. 

Tetradella  ?  sp.  nov. 

Cranidia  and  pygidia  of  six  (?  5)  species  of  Trilobites. 

a  Personal  communication  to  the  writer. 
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On  the  east  side  also  the  Eureka  quartzite  again  appears  and  can 
be  continuously  traced  for  loiig  distances,  thus  becoming  an  impor- 
tant aid  in  the  study  of  the  stratigraphy.  In  the  valley  which  sepa- 
rates the  Quinn  Canyon  Range  from  the  Grant  Range  tlie  Eureka 
quartzite  outcrops  on  both  sides,  on  the  two  limbs  of  an  anticlinal 
fold  from  which  the  valley  has  been  eroded.  In  the  lx)ttom  of  the 
valley,  beneath  the  quartzite,  is  found  massive  limestone,  brecciated, 
hardened,  and  altered.  In  the  upper  part  of  that  portion  of  the 
valley  draining  north  (which  is  separated  by  a  decided  divide  from 
that  portion  which  drains  to  the  south  into  Garden  Valley)  the  ascent 
takes  one  above  the  horizon  of  the  Eureka  quartzite  into  that  of  the 
overlying  limestones.  Along  the  course  of  this  northern  part  of  the 
valley  no  good  fossils  could  be  found  in  any  locality,  but  fragments 
picked  up  at  various  points  in  the  canyon  have  been  identified  by 
Professor  Ulrich  as  Silurian. 

Batostoma?  sp.  nndet. 
Bathynrus?  sp.  undet. 
Leperditella?  sp.  undet.    Two  species. 
Orthis  sp.  (near  O.  holstoni  Safford). 
Orthia^sp.  (near  O.  tricenaria). 
Receptaciilites  ellipticus  Walcott. 

At  the  divide  above  mentioned  the  stratified  rocks  are  hidden  bj' 
later  volcanics.  A  short  distance  south  of  the  pa.S8,  however,  the 
Eureka  quartzite  is  again  encountered,  and  above  it  the  saoie  heavy 
limestone  as  appeared  in  the  Quinn  Canyon  Range.  These  rocks 
extend  quite  through  to  the  eastern  face  of  the  Grant  Range.  On 
the  lower  part  of  Cherry  CJreek,  after  passing  the  volcanic  area,  dense 
blue  limestone  is  encountered,  and  farther  down  the  Eureka  quartz- 
ite. From  the  limestone  beds,  a  few  hundred  feet  below  the  quartzite, 
the  following  Ordovician  fossils  were  obtained  and  determined  by 
Professor  Ulrich. 

Eccyliopterus  sp.  undet. 
Encrinums  sp.  undet. 
Isotelus?. 
Lingula  sp.  undet. 

The  Eureka  quartzite,  dipping  to  the  east,  forms  the  eastern  front 
of  the  Grant  Range  for  some  miles  north  of  Cherry  Creek,  and  then, 
on  account  of  the  irregular  erosion  of  the  mountain  front,  passes  into 
the  foothills,  where  it  can  be  traced  for  a  number  of  miles  farther 
north. 

DEVONIAN. 

No  Devonian  fossils  were  obtained  from  either  the  Quinn  Canyon  or 
Gfrant  ranges.  As  already  noted,  however,  the  thickness  of  the  lime- 
stone section  which  is  exposed  above  the  Eureka  quartzite  is  upward 
of  4,000  feet  in  both  ranges.  In  the  Eureka  section  ^  the  thickness  of 
the  Silurian  Lone  Mountain  limestone  above  the  Eureka  quartzite  is 
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given  at  1,800  feel.  There  is  an  unconformity  at  Eureka  between  the 
Eureka  quartzite  and  the  overlying  limestone.  Nevertheless,  it  is 
very  likely  that  the  upper  portion  of  the  massive  limestone  observed 
in  the  Quinn  Canyon  and  Grant  ranges  includes  part  of  the  Devonian 
limestone  of  the  Nevada  formation. 

CARBONIFEROUS. 

On  the  eastern  slope  of  the  Grant  Range,  north  of  Warm  Spring,  in 
White  River  Valley,  the  following  Carlx)nifei*ous  fossils  were  collected 
by  Mr.  F.  B.  Weeks''  and  determined  by  Dr.  Girty: 

Chonetes  sp. 
Chonetes  illinoisensis. 
Derhya  kaskaskiensis. 
Productella  ?  near  concentrica. 
Spirifer  centronatns. 
Camarotopchia  sp. 
Enmetria  vemeniliana. 
Naticopsis  sp. 
Ostracoda. 

PLIOCENE. 

In  the  northern  part  of  the  valley  separating  the  two  ranges  there 
are  found,  up  to  a  height  of  6,200  feet  above  the  sea,  horizontally  bed- 
ded arkoses  and  conglomerates,  made  up  of  the  fragments  of  the 
limestone  cliffs  above  and  nevertheless  hardened  into  solid  roeks. 
This  may  be  a  shore  formation,  and  may  belong  to  the  Pliocene  lake 
whose  sediments  are  shown  in  the  Pancake  Range  at  Twin  Springs 
and  at  Hot  Creek.  The  Pleistocene  subaerial  accumulations  hide  the 
Tertiary  strata  throughout  the  greater  part  of  the  valleys.  A  hint  of 
the  former  existence  of  a  Pliocene  lake  on  the  west  side  of  Quinn 
Canyon  Range,  however,  was  found  in  the  peculiar  development  of 
the  gulches  which  furrowed  the  volcanic  rocks.  These  gulches  are 
deeiwst  at  the  top,  and  grow  progressively  shallower  lower  down, 
until  near  the  bottom  they  die  out  entirely.  This  may  signify  that 
the  development  of  the  gulches  began  above  the  surface  of  the  Plio- 
cene lake  and  as  the  lake  became  lower  the  gulches  were  forced  to 
extend  themselves,  but  naturally  accomplished  onl}'  a  small  amount 
of  cutting  in  those  new  portions  as  compared  with  the  long-established 
upper  parts. 

IGNEOUS  ROCKS. 
RHYOLITK  AND  GRANITE. 

On  the  west  side  of  Quinn  Canyon  Range,  directly  east  of  Twin 
Springs,  are  found  great  masses  of  siliceous  igneous  rocks  which  widen 
in  extent  farther  south  and  cover  up  the  whole  of  the  range. ^  At  the 
northern  end  of  the  mountain  valley  which  separates  the  most  easterly 
part  of  the  range  from  the  westerly  part,  along  which  the  Quinn  Canyon 
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road  runs,  the  volcanic  rock  has  been  stripped  down  to  the  underlying 
limestone,  which  is  found  to  be  traversed  by  great  dikes  of  acid  rock, 
vaiying  from  coarse  to  fine  in  texture.  The  overlying  rhyolite  and 
the  dike  rocks  were  examined  micraseopically.  Of  two  specimens  of 
the  dikes  one  was  a  coarse  biotite-hornblende-granite  and  the  other 
a  very  fine  biotite-granite-porphyiy,  the  same  mineralogically  as  the 
coarse  variety,  but  both  mineralogically  and  structurally  far  more 
closely  connected  with  the  rhyolite.**  It  is  probable,  therefore,  that 
the  dikes  and  the  massive  eruptions  constitute  different  parts  of  the 
same  igneous  mass. 

BASALTIC   VOLCANICS. 

In  the  small  valley  between  the  two  ranges,  thin-bedded  basaltic 
volcanics  occur  just  south  of  the  pass  and  stretch  over  a  considerable 
area.  These  rocks  are  fine  grained  or  glassy  and  show  very  beautiful 
flow  structure,  in  strong  contrast  to  the  massive,  rugged  rhyolite  in 
the  hills  above  them.  Specimens  examined  microscopically  show  the 
rock  to  be  a  basalt  carrying  augite  and  hornblende.  The  basaltic 
rocks  extend  for  some  distance  along  Cherry  Valley. 

QUARTZ-LATITKS. 

On  the  east  side  of  the  Grant  Range,  near  the  point  where  it  joins 
the  White  Pine  Range,  the  outlying  foothills  which  bound  the  south- 
ern or  southwestern  end  of  Sierra  Valley  are  evidently  composed  of 
dark-colored  volcanic  rock.  This  is  not  far  from  similar  volcanic 
areas  which  form  the  northerly  continuation  of  the  Golden  Gate  Range, 
and  is  very  likely  of  the  same  nature.  From  one  of  the  volcanic  hills 
of  the  Golden  Gate  Range  near  this  point  a  specimen  proved  to  be 
quartz-latite,  containing  augite,  biotite,  and  hornblende. 

RELATIVK  AGE  OP  LAVAS. 

In  these  two  ranges  the  rhyolit.es  are  distinctly  oldest,  as  shown  not 
only  by  the  fact  that  the  more  basic  lavas  overlie  them,  but  also  by 
the  greater  erosion  of  the  rhyolites  as  compared  with  the  others.  The 
latite  appears  to  be  of  intermediate  age.  It  is  probable  that  the 
rhyolites  and  the  basalts  are  to  be  cori^elated  with  the  corresponding 
lavas  of  the  Pancake  Range,  as  exhibited  at  Twin  Springs. 

STRUCTURE. 
FOLDING. 

At  the  west  base  of  the  Quinn  Canyon  Range  the  distribution  of  the 
Eureka  quailzite  shows  that  there  exists  here  an  anticline  with  a 
north-south  or  northeasterly-southwesterly  axis.  The  north  end  of 
the  range  exposes  a  broad,  very  shallow  syncline,  which  succeeds  the 
anticline  to  the  east.  In  the  center  of  this  syncline  the  beds  are 
horizontal  for  a  considerable  distance,  and  the   maximum  dip  on 

« J.  E.  Spurr,  Variations  of  texture  in  certain  Tertiary  igneous  rocks  of  the  O'-ea*  Basin:  Jour. 
GeoL,  Vol.  IX,  1901,  p.  801. 
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the  two  sides  is  about  35°.  The  nyn- 
eline  is  succeeded  farther  east  by 
an  anticline,  along  which  the  valley 
separating  the  two  mountain  ranges 
has  been  eroded.  The  Eureka  quartz- 
ite,  which  appears  on  both  sides  of 
this  anticline,  allows  its  being  traced 
easily  for  long  distances.  The  fold 
has  a  general  north  -  northwesterly 
trend  and  is  visible  in  the  inoun- 
tains  of  the.  Grant  Range  about 
^or  10  miles  to  the  northeast  of  the 
north  end  of  the  Quinn  Canyon 
Range.  At  this  point  it  is  much 
shar[)er  than  farther  south. 

The  eiustern  limb  of  the  anticline, 
which  is  st-eeper  than  th(^  western 
limb,  is  at  the  same  time  the  western 
limb  of  a  syncline  which  is  dis- 
played in  the  Grant  Range.  There 
are  som(^  slight  minor  folds,  but  the 
general  cross  section  appears  to  show 
a  perfect  syncline  at  a  point  just  east 
of  the  north  end  of  the  Quinn  Canyon 
Range.  Farther  south,  in  the  vicinity 
of  Cherry  Creek,  the  jutting  out  of 
the  mountains  a  little  farther  easst, 
as  a  consequence  of  the  irre<|ular  ero- 
sion, )>ermits  the  study  of  a  third 
anticline,  which  succeeds  the  syn- 
cline, and  is  a  heavy  and  persistent 
fold.  Looking  north  from  tlie  vicinity 
of  Ch(»rry  ('reek,  one  sees  this  anti- 
clinal fold  passing  from  the  side  of 
the  mountains  into  the  foothills,  so 
that  the  strata  which  at  first  dip 
easterly  on  the  mountain  face  change 
to  a  Avesterly  dip,  which  denotes  the 
eastern  limb  of  the  Grant  Range  syn- 
cline. These  folds  have  a  more  north- 
easterly strike  than  those  farther  west, 
so  that  the  easternmost  anticline  just 
described  probably  strikes  across  the 
valley  to  the  low  hills  which  divide  the 
(Tolden  Gate  Range  from  the  Grant 
Range  about  20  miles  north  of  Cherry 
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Creek,  and  is  again  exhibited  in  the  strata  of  these  hills.  At  this 
point  the  anticline  is  joined  on  the  east  by  a  connected  series  of  open 
synclines  and  anticlines,  which  form  the  low  mountains  of  the  Golden 
Gate  Range  and  extend  across  to  the  northern  end  of  the  Hiko  Range. 


Fig.  4.—  Sketch  section  of  east  front  of  Grant  Range.   Taken  5  miles  north  of  fig.  3  and  showing 
altered  position  of  anticlinal  fold  with  reference  to  the  mountain  front. 

The  strikes  of  these  folds  becpme  moi'e  and  more  easterly  until  in 
the  Hiko  Range  they  swing  round  and  become  southwesterly,  and 
then,  farther  south,  pass  into  the  usual  north-south  trend  again, 
having  described  semicircles.     (See  figs.  3  and  4.) 

FAULTING. 

As  already  mentioned,  there  is  apparently  a  heavy  fault  at  the 
northern  end  of  the  Quinn  Canyon  Range,  which  has  brought  up  the 
Cambrian  rocks  on  the  north  side  against  the  Silurian  on  the  south. 
This  was  the  only  fault  determined  in  the  two  ranges.     (See  fig.  5.) 


Quinn  Canyon  Mountaine 


Horizontal  and  vertical  acalo 
I      i      0  I         ^ a  ^  smilas 

Pio.  5.— Generalized  sketch  section  of  north  end  of  Quinn  Canyon  Mountains. 
1.  Bflurian  limestones  and  quartzites  (proljably  2.  Cambrian  limestones  and  shales. 

Devonian  on  top).  3.  CHiiefly  Pleistocene  valley  wash. 

Some  slight  crumpling  of  the  strata  was  observed  on  the  eastern  side 
of  the  Grant  Range,  near  Cherry  Creek,  but  this  was  probably  due  to 
the  intrusion  of  the  near-by  volcanic  rocks.  In  general,  the  folds  of 
the  stratified  rocks  are  even  and  unbroken. 

RELATION  OP  STRUCTURE  TO  TOPOGRAPHY. 

As  described,  the  Quinn  Canyon  Range  is  essentially  a  simple  syn- 
cline,  as  is  also  the  Grant  Range.  On  the  west  side  of  the  Quinn 
Canyon  Range,  the  east  side  of  the  Grant  Range,  and  also  between 
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the  two  ranges,  are  anticlines  which  are  marked  by  deep  depressions. 
In  general,  therefore,  the  form  of  the  mountains  is  one  that  implies  a 
long  period  of  erosion  subsequent  to  the  folding.  Although  the  faces 
of  both  these  ranges,  on  the  east  and  on  the  west,  are  somewhat 
abrupt,  the  apparent  continuation  of  the  beds  past  these  steep  faces 
without  break  indicates  that  the  faces  are  not  caused  by  faulting,  but 
are  due  to  erosion.  The  north  end  of  the  Quinn  Canyon  Range  is 
probably  along  a  fault,  but  in  this  case  the  Cambrian  rocks,  which 
have  been  relatively  upthrust  by  the  faulting,  are  found  in  low  foot- 
hills running  into  the  valley,  while  the  dowuthrust  Silurian  rocks 
form  abrupt  cliffs  facing  the  Cambrian.  It  seems,  therefore,  that  if 
the  cliff  was  primarily  determined  by  faulting  it  is  not  directly  due  to 
upthrust,  but  to  powerful  erosion. 

WORTHINGTON  MOUNTAINS. 

The  Worthington  Mountains  are  a  very  small  group  lying  north- 
west of  the  Pahranagat  Range,  with  which  they  are  connected  by  a 
series  of  hills.  They  also  are  connected  with  and  probably  form  the 
northern  extension  ef  the  Timpahute  Range,  and  on  the  north  the 
rocks  are  probably  continuous  with  those  of  the  Grant  Range,  from 
which  they  are  separated  by  a  few  miles  of  desert  valley.  On  the 
west  side  of  the  Worthington  Mountains  there  is  a  series  of  low  hills 
which  form  a  certain  connection  between  them  and  the  Quinn  Canyon 
Range. 

Like  most  of  the  high  mountains  of  the  region,  as,  for  example,  the 
Quinn  C'anyon  Range  and  the  Grant  Range  farther  north,  the  Worth- 
ington Mountains  have  steep  sides,  averaging  perhaps  30°  in  incli- 
nation U)  the  horizontal,  to  the  east,  west,  and  north. 

SEDIMENTARY   ROCKS. 

T\w  northern  end  of  the  range  was  viewed  by  the  writer  from  a  point 
several  miles  farther  north.  From  here  the  rocks  are  apparently 
massive  limestones,  resembling  the  Devonian  and  Silurian  strata  of 
the  Grant  Range  just  to  the  north,  and  having  a  similar  strike.  These 
same  strata  can  be  traced  southward  along  the  flanks  of  the  moun- 
tains. At  the  northern  end,  according  to  Mr.  Gilbert,"  they  consist 
principally  of  limestone,  with  some  sandstone-  The  limestone  carried 
abundant  fossils,  which  probably  belong  to  the  Silurian. 

IGNEOUS  ROCKS. 

According  to  Mr.  Gilbert,  the  northern  end  of  the  mountain  is 
flanked  on  the  east  by  beds  of  rhyolite,  associated  with  which  are  the 
Freiberg  silver  mines. 
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STRUCTURE. 

At  the  northern  end  of  the  range  the  strata  dip  westerly  about  30°, 
parallel  with  the  general  slope  of  the  range.  Farther  south  the  dip 
grows  continually  less,  until  at  the  southern  end  it  is  horizontal.  It 
was  at  this  point  observed  by  Mr.  Gilbert,  who  interpreted  the  hori- 
zontal structure  of  this  bold  mountain  as  determined  by  faults  on 
both  sides,  the  mountain  being  an  upthrust  block  between  the  two. 
Considering  the  change  in  attitude  bet\^een  the  south  and  north  ends, 
however,  it  may  also  be  that  the  mountain  represents  part  of  a  fold 
whose  strike  diverges  slightly  from  the  trend  of  the  ridge. 

PANCAKE   RANGE. 
TOPOGRAPHY. 

The  northern  end  of  the  Pancake  Range  lies  just  ea^st  of  Eureka, 
where  it  terminates  in  White  Pine  Valley.  North  of  this  termination 
and  across  the  valley  is  Coal  Burner  or  Bald  Mountain,  a  prominent 
eminence  which  appears  to  be  in  geologic  continuity  with  the  Pancake 
Range,  but  which  is  more  closely  connected  topographically  with  the 
southern  end  of  the  Humboldt  Range.  To  the  south  the  Pancake  Range 
extends  in  a  straggling  fjishion  as  far  as  Twin  Springs,  a  distance  of 
about  100  miles,  with  a  general  trend  a  little  west  of  south.  At  Twin 
Springs  a  narrow  pass  separates  the  Pancake  Range  from  the  Reveille 
Range,  farther  south.  There  is,  however,  no  real  break  in  the  topo- 
graphic continuity  here,  and  the  distinction  is  therefore  somewhat 
arbitrary. 

The  Pancake  Range  is  low  and  without  striking  relief,  as  its  name 
indicates.  The  northern  end  of  the  range  consists  in  part  of  lime- 
stone ridges  with  general  northwest  trends,  diagonal  to  the  trend  of 
the  range.  Flanking  these  limestone  ridges  are  somewhat  dissected 
but  nevertheless  level-topped  volcanic  mesas.  South  of  the  road 
between  Eureka  and  Hamilton  is  a  considerable  area  of  shaly  Devo- 
nian rocks,  which  are  eroded  into  low  smooth  hills.  About  8  or  10 
miles  farther  south,  with  the  covering  up  of  the  stratified  rocks  by 
later  eruptives,  a  corresponding  change  in  the  topography  takes 
place.  The  single  main  ridge  divides  into  a  number  of  irregular 
parallel  ridges  and  the  low  smooth  hills  change  to  higher  ones  which, 
though  sometimes  rounded,  are  often  sharp  or  conical.  The  tops  of 
these  hills  often  join  to  form  a  general  mesa.  This  type  of  topog- 
raphy extends  to  the  extreme  southern  end  of  the  range. 

SEDIMENTARY  ROGKS. 
CARBONIFEROUS. 

In  the  northern  end  of  the  range  limestones  and  conglomerates  asso- 
ciated with  thin  seams  of  impure  coal  have  been  reported.^    These 
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limestones  contain  numerous  species  of  Carlioniferous  fossils.  Tlie 
writer  also  collected  Upi>er  Carbonifei'ous  fossils  from  the  vicinity  of 
the  road  which  crosses  the  Pancake  Mountains  between  Eureka  and 
Hamilton.  One  locality  afforded  the  following  species,  which  were 
determined  by  Dr.  Girty: 

FtiHulina  cylindrica. 
Fistulipora  ?  sp. 
Derbya  sp. 

Chonetes  vemeuilianns. 
Rhipidomella  pecosi. 
Prodnctus  sp. 
Productiw  nebraskeiisis  ? 
Martini f era  mnricata  V 
St»minnla  snbtilita  ? 

Another  Im^ality,  about  2  miles  southeast  of  the  first,  yielded 
Ch(etei(\s  miUeporareiiSy  Spirifer  rockynionianxis^  Phillipsia  sp. 

These  foasils  were  in  shaly  gray  limestone,  which  was  overlain  by 
more  massive  limestone,  interst ratified  with  occasional  belts  of  con- 
glomerate containing  pebbles  of  quartzite  and  chert.. 

DEVONIAN. 

South  of  the  road  mentioned  c(mie  in  the  sandy  and  limy  shales  of 
the  Devonian  White  Pine  formation.**  This  shale  is  associat^ni  with 
beds  of  brown  sandstone  which  contains  plant  remains. 

TERTIARY. 

On  the  w^est  side  of  Hastings  Pass,  in  the  IIuml>oldt  Range,  near 
the  northcu'n  end  of  White  Pine  Valley,  are  sediments  to  which  was 
given  the  name  of  the  Humboldt  l*liocene,  and  which  were  described 
and  mapped  by  the  Fortieth  Parallel  Survey.  These  l)eds  were 
examined  by  the  writer  and  were  found  to  consist  largely  of  limestone 
fragments  derived  from  adjacent  Silurian  rocks.  They  abut  against 
the  mass  of  the  Humboldt  Range  in  such  a  manner  as  t-o  show  that 
this  range  formed  their  shore  line  and  that  they  were  deposits  formed 
when  the  valley  had  practically  its  present  shape. 

In  other  parts  of  the  valley  the  Pliocene  deposits  are  generally 
covered  with  Pleistocene  accumulations,  and  are  therefore  not  dis- 
cernible. Along  the  Pancake  Range,  however,  on  the  east  side  of 
the  extreme  southern  end  of  Little  Smoky  Valley,  stratified  de|)osits 
similar  to  those  on  the  flanks  of  the  Humboldt  Range  wei'e  found, 
forming  a  fringe  around  the  mountains. 

At  Twin  Springs  the  canyon  which  has  been  worn  transversely  across 
the  mountains  exposes  a  section  of  Tertiary  stratified  rocks,  lying 
between  the  Tei-tiary  volcanics.  The  section  shows  rhyolite  at  the 
base.     Above  this  comes  several  hundred  feet  of  horizontally  bedded 
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water-laid  semicompacted  sandstones,  apparently  derived  from  the 
rhyolite.  At  the  top  of  this  stratified  series  the  white  sands  change 
to  stratified  tuffs  and  gravels,  brown  in  color  and  evidently  derived 
from  basic  lava  such  as  immediately  overlies  them.  This  lava  is  a 
solid  dark-colored  basalt,  which  forms  the  uppermost  member  of  the 
series. 

PLEISTOCENE  LAKE  DEPOSITION. 

At  several  points  the  marks  of  a  comparatively  recent  body  of 
water,  occupying  a  large  part  of  Big  Smoky  and  White  Pine  valleys, 
were  observed.  On  the  east  side  of  the  Diamond  Range,  about  10 
miles  north  of  Pinto  Creek,  distinct  terraces  were  observed  in  the 
detritus  at  the  base  of  the  mountains.  These  terraces  are  several  in 
number  and  are  50  or  60  feet  above  the  valley  floor.  Alsa about  15 
miles  south  of  Fish  Creek  a  regular  bench  composed  of  lava  debris 
was  noted  on  both  sides  of  the  valley^  about  15  feet  above  the  smooth 
mud  deposits  of  the  valley  bottom.  Farther  north,  at  a  point  on  the 
Pancake  Range  just  south  of  the  road  between  Eureka  and  Hamilton, 
at  the  mouth  of  a  gap  in  the  hills,  a  definite  beach  bar  was  noticed, 
such  as  forms  along  gently  sloping  shores  at  the  mouths  of  inlets. 

There  was  therefore  probably  a  Pleistocene  body  of  water  which 
spread  over  the  greater  part  of  Little  Smoky  and  White  Pine  valleys. 
The  shore  marks  above  mentioned  indicate  that  this  lake  was  shallow. 
The  final  remains  of  the  Pleistocene  lake  may  be  considered  as  still 
existing  in  the  numerous  marshy  ponds  which  are  scattered  through 
the  White  Pine  Valley  north  of  the  Pancake  Range. 

GULCH   DUMPS  OR  ALLUVIAL  PANS. 

Along  the  line  of  junction  of  the  mountains  with  the  valleys,  and 
occasionally  forming  the  low  foothills,  are  sometimes  observed  accu- 
mulations of  detritus  which  rise  above  the  level  valley  floor,  and 
which  have  such  relation  to  the  gulches  of  the  mountains  above  that 
it  is  plain  their  materials  have  been  derived  from  their  erosion;  and 
in  some  cases  it  seems  that  the  amount  of  material  in  these  dumps  is 
a  very  large  portion  of  that  which  has  been  removed  in  the  excava- 
tion of  the  gulches.  Where  this  material  is  exposed  at  the  surface,  it 
is  found  to  be  angular  and  bearing  other  marks  of  having  been 
brought  down  by  torrents. 

These  accumulations  are  certainly,  in  part  at  least.  Pleistocene,  and 
are  being  added  to  at  present.  However,  they  antedate  largely  tlie 
Pleistocene  water  body  above  described.  They  are  therefore  Pliocene- 
Pleistocene,  and  are  largely  contemporaneous  with  the  water-laid 
deposits  which  occur  at  lower  altitudes. 

IGNEOUS  ROCKS. 

At  the  northern  end  of  the  Pancake  Range  a  Inxly  of  rhyolite  forms 
the  western  half  of  the  mountains  and  extends  as  far  south  as  the 
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i^oad  between  Euix*ka  and  IlHuiillon.  A  short  distance  south  of  this 
road  andesite  comes  in  in  considerable  patches.^  This  andesit-e  was 
observed  by  the  writer  at  intervals  for  a  distance  of  10  or  15  miles 
south  of  hei*e.  It  is  here  generally  mixed  up  with  small  areas  of  rhyo- 
lite.  Still  farther  south  rhyolite  seems  to  form  the  greater  part  of 
the  range  (PI.  V,  B),  In  the  neighborhood  of  Twin  Springs,  as  men- 
tioned above,  the  rhyolite  occurs  at  the  base  of  the  section  and  basalt 
at  the  top. 

STRUCTURE. 
FOLDING. 

The  area  of  White  Pine  Devonian  rocks,  almve  descrilKHl,  forms  a 
shallow  syncline  which  appan>ntly  gives  place  to  a  gentle  anticline 
fartlier  north,  and  there  exposes  the  Carboniferous  limestones.  It  is 
i>ossible,  however,  that  it  is  a  fault  which  brings  up  these  limestoues. 
The  syncline  has  a  general  northwest  strike  and  is  plainly  continuous 
with  the  faulted  syncline  of  the  Eureka  district,  just  across  the  valley, 
which  has  Newark  Mountain  on  its  eastern  limb  and  the  Alhambra 
Hills  on  its  western.  This  syncline  may  be  traced  across  the  Pancake 
Mountains  and  across  the  intervening  low  hills  to  the  White  Pine 
Range,  its  strike  being  at  an  angle  to  the  general  trend  of  the  major 
ridges,  although  the  minor  ridges  conform  to  it. 

FAULTING. 

The  ITj>per  Carboniferous  limestones  on  the  road  across  the  range, 
between  Eureka  and  Hamilton,  have  i)erhaps  biHjn  brought  to  their 
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Fio.6.— (4«»neralized  skotch  cross  scM^tion  of  Pancake  Rangre  at  north  sido  of  pass  at 

Twin  Springs. 

1.  RhyolitP,  300  fiMjt.  4.  Olivine-baaalt,  200  feet. 

2.  Rhyolite  sandsU>no,  flOO  f«^»t.  5.  Valley  wash  (Pleistocene). 
H.  Basaltic  tuffs  and  gravels,  100  feet.  6.  Faults. 

present  position  by  an  east-west  fault,  transverse  to  tho  trend  of  the 
ranges,  for  their  relation  to  the  Devonian  rocks  just  south  of  here  can 
not  be  readily  explained  by  the  folding. 

The  accompanying  section  (fig.  0)  shows  the  structure  of  the  Pan- 
cake Mountains  at  Twin  Springs.  There  has  been  practically  no 
folding  hero,  except  where  the  beds  have  been  locally  crumpled  by 
overriding  sheets  of  lava.  A  series  of  faults  was  observed,  some  of 
which  have  a  throw  of  several  hundred  feet.  The  fault  lines  are 
accompanied  by  gullies,  but  not  by  fault  scarps. 

"See  Mon.  U.  S.  Geol.  Survey  Vol.  XX,  Atlas  sheet  4. 
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COAL. 

lu  the  northern  end  of  the  Pancake  Range  the  Carboniferous  rocks 
carry  thin  seams  of  impure  coal,  which  have  been  in  vain  exi)lored 
for  marketable  material.  * 

DIAMOND  RANGE. 

The  Diamond  Range  may  be  somewhat  arbitrarily  defined  as  begin- 
ning at  Railroad  Canyon  on  the  north,  and  extending  southward 
through  the  Eureka  Mountains  to  Fish  Creek.  South  of  Fish  Creek 
comparatively  low  mountains  occur.  No  decided  break  separates 
these  from  the  Eureka  Mountains,  but  they  are  more  closely  associ- 
ated with  the  Hot  Creek  Range,  and  will  be  descril)ed  in  the  latter 
connection. 

TOPOGRAPHY. 

The  main  part  of  the  Diamond  Range,  from  its  northern  end  to  the 
vicinity  of  Eureka,  consists  of  a  single  narrow,  somewhat  regular 
ridge,  whose  divide  is  in  the  center.  This  is  sharply  cut  up  on  both 
sides,  so  as  to  present  a  succession  of  well-defined  peaks,  witli  deex> 
drainage  channels. 

In  the  neighborhood  of  Eureka  this  simi)le  topographic  structure 
changes  to  a  more  complicated  one,  whicli  is  the  expression  of  a 
geologic  structure  more  comi)licated  than  that  to  tlie  nortli.  The 
mountains  in  the  vicinity  of  Eureka  are  considerably  folded,  and  are 
traversed  by  numerous  faults,  which  run  in  several  direc'tions.  The 
result  of  the  erosion  of  this  structurally  complicated  region  is  that 
tliere  have  arisen  many  separate  mountain  ridges,  and  the  total  width 
of  the  range  has  increased. 

South  of  the  Eureka  Mountains  the  range  is  composed  of  a  single 
narrow  ridge  of  stratified  rocks,  which  seem  to  resume  the  compara- 
tively simple  structure  of  the  northern  portion.  Just  south  of  here 
the  sedimentaries  are  buried  under  thick  sheets  of  lava. 

SEDIMENTARY   ROCKS. 

At  tlie  nothern  end  of  the  Diamond  Range,  at  RHilr()ad  C-anyon, 
the  rocks  have  been  described  by  Mr.  Hague  ^  as  light  cream-colored 
limestones  dii)ping  to  the  north  under  sheets  of  basalt.  These  lime- 
stones are  mapped  b}'  the  Fortieth  Parallel  geologists*  as  the  J^ower 
Coal  Measures. 

The  writer  traveled  along  the  easterly  face  of  the  Diamond  Range, 
from  a  point  just  west  of  Hastings  Pass,  in  the  Humboldt  Range,  to 
the  southern  termination.     At  the  northern  end  of  the  traverse  a  sec- 


aMon.  U.  S.  Geol.  Survey  Vol.  XX,  p.  96. 

b  U.  8.  Geol.  Expl.  Fortieth  Par.,  Vol.  U,  p.  549. 
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tion  of  strain  is  visible;  which,  in  default  of  opportunity  for  examina- 
tion, was  pi'ovisionally  supposed  to  have  the  Devonian  White  Pine 
shale  of  Eureka  at  the  base,  with  the  Carboniferous  Diamond  Peak 
quartzite  above. 

The  thickness  of  the  exposures  of  these  two  formations  was  roughly 
estimated  at  from  2,000  to  2,500  feet.  Above  this  section  were 
observed  comparatively  massive  limestones  which  vrere  taken  to  be 
the  Lower  Coal  Measures  limestones,  and  of  the.se  an  estimated  thick- 
ness of  4,(K)0  feet  was  observed.  Above  these  again  are  heavy 
brown-weathering  massive  rocks  forming  the  precipitous  crest  of  the 
range  for  a  long  distance.  These  were  thought  to  belong  to  the  Welx  r 
formation.  About  1,500  feet  of  this  was  visible,  the  top  not  being 
secMi.  Mr.  Hague'*  notes  that  at  Chokup  Pass,  which  is  within  the 
alwve  section,  limestones  occur  in  which  no  fossils  M^ere  found.  "In 
the  limestone  occurs  a  belt  of  coarse,  although  compact,  brownish- 
yellow  sandstone,  not  unlike  the  sandstone  body  at  White  Pine,  which 
lies  at  the  base  of  the  Coal  Measures  limestone.  It  measures  nearly 
300  feet  in  thickness."  This  is,  perhaps,  the  Diamond  Peak  quartz- 
it<»,  as  it  was  afterwards  called  by  the  geologists  who  studied  the 
Eureka  district. 

South  of  Chokup  Pass  the  same  formations  occur.  In  the  eastern 
foothills  the  Diamond  Peak  quartzite  outcrops,  brown,  iron  stained, 
friable,  and  calcareous,  resembling  exactly  the  same  formation  as 
exposed  in  the  Egan  Range,  in  the  canyon  west  of  Ely.  The  quartzite 
iHH'omes  at  times  a  conglomerate,  containing  pebbles  of  chert  and 
limestone.  It  is  possible  that  this  conglomerate  indicates  an  erosion 
interval  between  the  Carboniferous  and  the  underlying  Devonian. 

A  few  miles  farther  south,  the  strike  of  the  Diamond  Peak  quai-tz- 
ite  having  carried  it  temporarily  under  the  valley  detritus,  the 
eastern  foothills  are  composed  of  the  overlying  dark-blue  limestone 
with  chert  nodules.  This  limestone  carries  the  following  abundant 
fauna,  d(»termined  as  Upper  Carboniferous  by  Dr.  Girty; 

Fistulipora  ?  sp. 
Rhoinbopora  lepidodendroides. 
Archaeocidaris  sp. 
Productus  prattenianus. 
Productiis  semireticulatus. 
pHKluctus  nebraskensis. 
Productus  nevadensis  ?. 
Spirifer  boonensis. 
Seminula  subtilita. 
Fish  scale. 

Still  farther  south  a  change  in  the  structure  brings  in  the  Diamond 
I*eak<j[uartzite  again,  together  with  the  underlying  Devonian  rocks, 
and  the  strata  rise  rapidly  to  the  top  of  the  range. 

In  Chihuahua  Canyon,  which  lies  to  the  east  of  Diamond  Peak, 

fl  U.  S.  Gool.  Expl.  Fortieth  Par.,  Atlas,  map  4,  west  balf . 
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slightly  fetid  limestone  was  found,  and  at  a  point  about  1,00()  feet 
above  the  bottom  of  the  series  exposed  were  Devonian  fossils,  as 
determined  by  Dr.  Girty. 

Amphipora  ?  sp. 
Spirifer  engelmanni. 
Spirifer,  indeterminable. 
Spirifer  mala  (small  variety)  ?. 
Atrypa  missonriensis. 

This  is  part  of  the  Nevada  limestone,  for  the  Devonian  White 
Pine  shales  come  in  about  500  feet  above. 

South  of  here  the  geology  has  been  thoroughly  worked  out  during 
the  survey  of  the  Eureka  mining  district,  which  survey  embraces  the 
region  from  Diamond  Peak  on  the  north  to  White  Cloud  Peak  on  the 
south. 

Within  this  area  is  found  exposed  the  l)est  I*aleozoic  section  yet 
studied  west  of  the  Rocky  Mountains,  comprising  strata  from  the 
Prospect  Mountain  Cambrian  quartzite,  through  the  Cambrian,  Silu- 
rian, Devonian,  and  Carboniferous.** 

South  of  the  Eureka  mining  district  proper,  the  single  ridge  into 
which  the  mountains  contract  is  shown  in  the  geologic  map  of  the 
Eureka  district*  to  be  composed  of  the  Silurian  Pogonip  limestone. 
This  limestone  extends  farther  south  till  covered  up  by  volcanic  flows. 

IGNEOUS  ROCKS. 

At  the  northern  termination  of  the  Diamond  Range  the  stratified 
rocks  are  overlain  by  flows  of  basalt.^  Between  this  point  and  the 
region  around  Eureka  no  igneous  rocks  were  observed.  The  Eureka 
district,  however,  has  been  the  seat  of  volcanic  activity.  Among  the 
volcanic  rocks,  hornblende-andesite,  dacite,  rhyolite,  pyroxene-ando 
site,  and  basalt  have  been  described  by  Mr.  Iddings.''  Granite-por- 
phyry is  also  found  as  a  dike  rock. 

The  volcanic  rock  which  occurs  at  the  southern  termination  of  the 
range  has  been  determined  by  the  writer,  a  few  miles  farther  south, 
to  be  rhyolite. 

STRUCTURE. 

North  of  the  Eureka  district  the  stratified  rocks  of  the  Diamond 
Range  are  bent  into  a  series  of  gentle  folds  which  in  general  strike 
nearly  with  the  trend  of  the  range.  In  the  region  between  Chokup 
Pass  and  Railroad  Pass  these  folds  seem  to  consist  of  an  anticline  on 
the  east  side,  with  its  eastern  limb  almost  buried  by  the  detritus  of 
the  valley,  followed  by  a  shallow  broad  syncline  to  the  west,  and  this 


a  Arnold  Hagne,  Geology  of  the  Eureka  district,  Nevada:  Mon.  U.  S.  Qeol.  Survey  Vol.  XX; 
C.  D.  Walcott,  Paleontology  of  the  Eureka  dlstrtot  Mon.  U.  S.  Geol.  Survey  Vol.  Vlll. 
«»Mon.  U.  8.  Geol.  Survey  Vol.  XX,  Atlas  sheet  4. 
<?  Arnold  Hague,  U.  8.  Geol.  Expl.  Fortieth  Par.,  Vol.  II,  p.  549. 
<f  Mon.  U.  S.  GJeol.  Survey  Vol.  XX,  p.  283  et  aeq. 
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in  turn  by  an  important  anticlino  which  soems  to  form  the  western 
edgt*  of  tlie  mountains. 

At  C'hokup  Pass  Mr.  Hague  «  notes  the  general  autieliual  structure 
of  the  mountains,  the  summit  of  the  anticline  occupying  the  crest  of 
the  pass.  This  is  the  same  anticline  as  has  just  l>een  noted  as  form- 
ing the  westt^rn  face  of  the  mountains  to  the  north  of  the  pass,  the 
slight  divergence  of  the  strike  of  the  fold  from  the  trend  of  the  moun- 
tain bringing  the  fold  to  this  place.  Farther  south  the  continued 
divergence  brings  the  axis  of  this  anticline  at  one  point  down  to  the 
easternnuKst  foothills.  As  a  consequence  of  this,  the  syncline  and 
anticline  which  lie  to  the  east  are  covered  by  valley  detritus.  Farther 
south  still,  as  one  approaches  the  vicinity  of  Diamond  Peak,  the  trend 
of  the  folds  changes  slightly  and  again  brings  the  crest  of  the  eastern- 
most anticline  to  the  summit  of  the  range. 

South  of  Diamond  Peak  the  country  in  the  neighborhood  of  Fureka 
is  a  region  of  special  dynamic  disturbance,  and  is  folded  and  faulted 
to  a  remarkable  degi'ee.  Except  in  this  district,  however,  no  faults 
have  l)een  observed  in  the  range. 

RELATION  OF  STRUCTURE  TO  TOPOGRAPHY. 

North  of  the  Eureka  district  the  structure  has  been  so  far  influ- 
ential that  the  trend  of  the  range  corresponds  nearly  to  the  general 
strike. 

In  the  Eureka  district  the  complicated  topography  is  dependent 
upon  the  increased  complications  in  the  geology,  but  the  forms  apix)f.r 
to  be  directly  due  to  differential  erosion.  Most  of  the  faults  here  are 
obli<iue  to  the  general  trend  of  the  range.  Along  these  faults  valleys 
or  canyons  are  sometimes  found,  and  sometimes  moderate  scarps; 
but  that  these  latter  are  due  to  differential  erosion  is  shown  by  the 
fact  that  it  is  sometimes  the  downthrown  side  of  the  fault  that 
api>ears  as  a  s(»arp  and  sometimes  the  upthrown,  depending  upon  the 
nature  of  the  beds. 

ORES. 

The  whole  district  around  Eureka  has  been  the  site  of  abundant 
ore  deposition,  a  phenomenon  plainly  connected  with  the  dynamic 
disturbances  which  have  brought  about  the  complicated  folding  and 
faulting  (and  indirectly  the  topography)  and  with  the  volcanic  out- 
bursts. The  ore  deposits  of  Eureka  have  already  been  thoroughly 
studied.^  Outside  of  this  region  the  range  is  not  remarkably  ore 
bearing. 

HOT  CREEK  RANGE 

The  Hot  Creek  Range  is  separated  at  its  south  end  by  a  narrow 
pass  from  the  Kawich  Range,  which  otherwise  is  continuous  with  it. 


a\J.  S.  Oeol  Expl.  Fortieth  Par.,  Vol.  II,  p.  549 

^J.  D.  Curtis,  Silver-load  deposits  of   Eureka:  Mon.  U.  S.  Qeol    Survey  Vol.  VH;  Arnold 
Hague,  Geology  ot  the  Eureka  district:  Mon   U.  S  Gool  Survey  Vol.  XX. 
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From  here  it  runs  north  70  miles  and  disappears  in  a  valley  a  few 
miles  south  of  the  latitude  of  Eureka.  In  the  same  line,  farther 
north,  occurs  the  PiSon  Range.  The  northern  continuation  of  the 
Hot  Creek  Valley  divides  the  mountains  into  an  east  and  a  west  half. 
The  western  half  is  the  continuation  of  the  Hot  Creek  Range  proper, 
while  the  eastern  one  runs  north  and  joins  the  Eureka  Mountains. 

SEDIMENTARY   ROCKS. 
SILURIAN. 

At  the  eastern  end  of  the  canyon,  at  Hot  Creek,  the  following  sec- 
tion was  observed,  beginning  with  the  bottom: 

Section  at  Hot  Creek. 

Feet. 

1.  Thin-bedded,  dark-bine  frosty-lnstered  limestone,  calcite- veined,  with 

imperfect  fossil  remains 400 

2.  Massive  white  qnartzite 400 

3.  Thin-bedded  dark-bine  limestone 200 

4.  Shales  mixed  with  thin-bedded  limestone 1 ,  000 

5.  Massive  light-gray  coarsely  crystalline  limestone,  constituting  the  top  of 

the  mountain 500 

Three  miles  west  of  this  locality,  at  the  ranch  near  Hot  Springs, 
there  comes  in,  below  bed  No.  1,  more  massive  siliceous  light-gray, 
coarsely  crystalline  or  aphanitic  limestone  al)out  GOO  feet  in  thick- 
ness. This  makes  about  1,000  feet  of  limestone  in  all  below  the 
quartzite. 

From  the  first-named  locality,  at  a  point  about  200  feet  l>elow  the 
quartzite,  Ordovician  fossils  were  obtained.  The  following  were  deter- 
mined by  Professor  Ulrich: 

Amphion  (sp.  near  A.  salteri  Billings). 

niaenns  (sp.  near  I.  americanns.  consimilis,  and  crassicanda) . 

Bathynms  sp.  nndet. 

Leperditia  bivia  White. 

Leperditia  n.  sp. 

Aparchites  sp.  undet. 

Primitia  (sp.  near  P.  celata  Ulr.). 

Primitia  (?  Enrychilina)  n.  sp. 

Enrychilina  (near  E.  snbaeqnata)  Ulr. 

Schmidtella  n.  sp. 

ThUpsnra?  n.  sp. 

Modiolopsis  occidens,  Walcott. 

Macltirea. 

Tetranota  (n.  sp.  near  T.  obsoleta  Ulr.). 

Lophospira  (cfr.  medialis  Ulr.). 

Plenrotomaria  ?  lonensis  Walcott. 

Triptoceras  sp.  imdet. 

Orthis  n.  sp.  (near  O.  holstoni  Safford). 

Dalmanella  po^onipensis.  H.  and  W. 

Batostoma,  sp.  nndet. 
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It  is,  then,  plain  that  the  quartzite  is  the  Eureka  quartzite  of  the 
Eureka  section,  while  the  limestone  below  corresponds  to  the  Pogonip 
formation  and  that  above  to  the  Lone  Mountain.  We  have  here 
a  section  of  about  3,1(X)  feet  of  Silurian  rocks,  comprising  1,000  feet 
of  the  Pogonip,  400  feet  of  the  Eureka,  and  1,700  feet  of  the  Lone 
Mountain. 

A  few  miles  south  of  the  above  locality,  in  the  next  OAuyon  to  the 
south  of  Hot  Creek,  there  were  collected  from  the  limestones  above 
the  quartzite  the  following  Upper  Silurian  fossils  (Niagara  V),  as  deter- 
mined by  Professor  IHrich : 

Halysites  catenidatTis,  large  variety. 

Halysites  catennlatTis,  small  variety. 

Favositea  (ramose  species). 

Syringopora  sp.  undet. 

Amplexns  sp.  imdet. 

CyathophyUtun  sp.  nndet. 

2iaphrentLs  ?  sp.  undet. 

Rhynchonella  sp.  midet. 

At  TylK),  about  15  miles  south  of  Hot  Creek,  and  also  on  the  east 
side  of  the  range,  the  rocks  appear  to  be  mainly  massive  dark-blue 
limestones  Avith  a  general  westerly  dip.  This  locality  was  not  visited, 
but  a  single  fossil  obtained  from  these  limestones  was  regarded  by 
Dr.  (rirty  as  probably  Ordovieian,  Mavlurea  annulata  f 

From  TylK)  to  the  south  end  of  the  range,  just  west  of  Twin  Springs, 
in  the  Pancake  Range,  the  east  half  of  the  mountains  is  entirely  com- 
posed of  similar  limestones.  At  the  extreme  south  end  the  limestones 
are  overlapped  by  the  rhyolites  of  the  Kawich  Range,  which  have 
altered  the  sedimentary  rocks.  No  fossils  were  found  at  this  point, 
but  a  specimen  of  the  limestone  was  seen  under  the  microscope  to  be 
made  up  of  tiny  indeterminable  organic  remains. 

TERTIARY. 

On  the  eastern  side  of  the  range,  extending  from  Hot  Creek  a  num- 
ber of  miles  in  both  directions,  are  gray  hills  composed  of  partly 
consolidated  coarse  gravel  and  grit.  This  material  often  overlies 
rhyolite,  from  which  it  is  partly  derived,  and  it  rests  against  the  steep 
eroded  base  of  the  limestone  mountains.  The  material  is  evidently 
waterlaid.  The  same  formation  stretches  southward  and  is  visible 
near  Tybo  as  a  strip  of  yellow  dissected  hills.  At  the  pass  between 
the  Hot  Creek  Range  and  the  Kawich  Range  are  large  amounts  of 
horizontally  stratified  white  waterlaid  deposits  composed  of  rhyolitic 
fragments.^  . 

This  formation  is  evidently  the  same  as  described  in  the  neighbor- 
hood of  Twin  Springs,  in  the  Pancake  Range,  a  few  miles  to  the  east. 


a  This  formation  is  chiefly  included  under  the  cx>lor  for  yolcanic  rocks  on  the  map.    The  i 
row  strip  near  Tybo  is  not  represented. 
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IGNEOUS  ROCKS. 
LAVAS. 

The  whole  north  end  of  the  Hot  Creek  Range,  beginning  with  a 
point  a  few  miles  north  of  Hot  Creek,  is,  so  far  as  known,  composed 
entirely  of  volcanic  rocks,  including  both  rhyolite  and  basalt.  There 
has  been  much  erosion  since  the  outpouring,  resulting  in  the  carv- 
ing of  considerable  valleys  and  the  formation  of  large  gulch  dumps 
(alluvial  fans)  at  their  mouths,  exactly  as  in  the  case  of  the  stratified 
rocks.  In  places,  also,  erosion  has  stripped  away  the  upper  layers  of 
lava  and  ash  and  has  exposed  symmetrical  volcanic  cones,  which  have 
been  preserved  by  this  protecting  covering.  PI.  V,  B,  is  a  photograi)h 
of  such  a  cone.  The  number  of  these  small  cones  and  the  abundance 
of  ash,  together  with  the  thinness  of  the  lava  sheet,  show  that  the 
volcanic  rock  in  this  region  came  from  mh-ny  separate  explosive 
vents. 

In  the  neighborhood  of  Hot  CVeek,  as  before  stat-ed,  the  eastern  half 
of  tlie  range  contains  a  considerable  area  of  Silurian  rocks.  However, 
rhyolite  is  found  at  the  extreme  eastern  base,  and  the  whole  western 
half  of  the  mountain  at  this  point  is  composed  of  several  thousand 
feet  of  the  same  rock.  From  here  to  the  southern  end  of  the  ran^e 
the  western  part  is  of  volcanic,  while  the  eastern  half  is  mostly  strat- 
ified. At  the  southern  end  the  rhyolite  mantles  around  to  the  east  to 
join  the  lava  of  the  Kawich  Range. 

STRUCTURE. 

In  Hot  Creek  Canyon  the  Silurian  rocks  form  an  anticlinal  fold, 
broken  by  two  or  three  normal  easterly  dipping  faults.  The  first  of 
these  faults  occurs  at  the  eastern  end  of  the  canyon,  and  by  it  the 
strata,  including  the  Eureka  quartzite,  are  down-faulted  to  the  east 
200  or  300  feet.  This  fault  was  also  noted  in  the  first  canyon  south  of 
Hot  Creek.  Three  miles  farther  west  occurs  a  second  parallel  fault. 
This  fault  hjis  a  vertical  separation  of  about  1,000  feet,  as  marked  by 
the  Eureka  quartzite,  upthrown  on  the  west.     (See  fig.  7.) 

From  Hot  Creek  to  the  southern  end  of  the  range  the  structure  was 
not  carefully  examined,  but  for  nearly'  the  whole  way  the  limestones 
can  be  seen  to  dip  in  general  westerlj  at  an  angle  of  from  15*"  to  20°. 
It  is  probable  that  this  dip  represents  the  westerly  limb  of  the  anti- 
clinal fold  exposed  in  Hot  Creek  Canyon. 

ORES. 

Along  Hot  Creek  Canyon  are  some  vertical  zones  in  which  rich  pock- 
ets of  ore  are  said  to  have  been  found.  These  zones  are  apparently 
ancient  channels  of  the  hot  springs,  which  still  exist.  South  of  this 
point  the  rocks  are  more  or  less  mineralized  all  the  way  to  Tybo,  where 
there  are  some  important  ore  deposits. 
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Plf^ON    RANGE. 

^                  S  The  IMiion  Range  is  mentioned  in 

I  this  rt^port  only  because  its  southern 

,                  ^  g  end,  which  extends  l)eyond  the  south- 

•p  i  em  limit  of  the  Fortieth  Parallel 

'                .  Il  maps,  is  included  in  the  aecompany- 

>               =  *  ?  ^^^  map.     The  writer  did  not  visit 

'               .a  "§  I  this  range,  and  the  following  slight 

®  I  ^  summary  is  taken  chiefly  f  n)iii  the 

I  g  a  work  of  the  Fortieth  Parallel  geol- 

I               '^  '^  ^  ogistvS. 

J         '  TOPOGRAPHY. 


Sinudg 


'V> 


The  range  consists  of  a  single  main 
ridge,  which  is  conspicuous  north  of 
the  fortieth  parallel  and  lies  next 
west  of  the  Humboldt  Range.  Far- 
ther south  the  Diamond  Range  comes 
in  between  the  two.  Near  this  x>oint 
the  Pinon  Range  becomes  lower,  and 
i ts  ti'eiid  changes  from  sou  t h  t  o  sou t fa- 
east  erly,  so  that  it  swings  around 
and  joins  the  Diamond  Range  near 
Eureka. 

SEDIMENTARY    ROCKS. 

In  the  neiglil3orhood  of  Pinto  Peak 
there  is  exposed  a  thickness  of  about 
14,000  feet  of  sedimentary  rocks,** 
comprising  a  section  from  the  Cam- 
brian up  into  the  Carboniferous. 
South  of  this  the  range  is  almost  en- 
tirely composed  of  Devonian  n)cks. 
These  Devonian  rocks  are  continu- 
ous southward  to  the  junction  with 
the  Eureka  Mountains.* 


i  a  i 

O    rt    N 

-d  i:  t: 
SI  5 


KiNEOUS   ROCKS. 
VOLCANIC  ROCKS. 


Throughout  most  of  the  extent  of 
the  range  varicms  volcanic  rocks  are 
found,  both  at  the  east  and  the  west 
bases. 


n  AmoM  Hajcue,  U.  S.  GtH.l.  Expl.  Fortieth  Par.,  Vol.  II,  p.  ry"**. 

t*  Arnold  Hague,  (^tjolo^ry  of  the  Eureka  district;  Mon.  U.  S.  Oe<il.  Surrey  Vol.  XX,  p.  90a 
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STRUCTURE. 

As  stated  by  Mr.  IIag:ue,^  the  range  consists  of  open  anticlinal  and 
synclinal  folds.  South  of  Pinto  Peak  the  structure  is  anticlinal,  the 
axis  of  the  fold  striking  diagonally  across  the  range  S.  25°  E., 
while  the  general  trend  of  the  range  at  this  point  is  west  of  south.  It 
is  likely  that  the  main  anticlinal  fold  of  the  Diamond  Range  is  the 
direct  continuation  of  this  anticline.  Farther  south,  along  the  Piiion 
Range,  this  anticline  gives  way  to  an  adjacent  syncline,  and  farther 
south  again  the  eastern  liml)  of  this  syncline  is  cut  off  by  the  valley, 
so  that  only  the  western  or  easterly  dipping  liml)  remains.  This  por- 
tion of  the  range,  therefore,  has  the  aspect  of  ])eing  monoclinal. 

A  section  made  by  Mr.  Walcott,*  at  Ravens  Nest,  just  north  of 
Pinto  Peak,  shows  the  structure  as  a  faulted  anticline. 

MONITOR    RANGE. 

The  Monitor  Range  is  a  belt  of  mountains  about  70  miles  long,  lying 
next  west  of  the  Hot  Creek  Range.  It  has  its  northern  end  just 
south  of  the  area  shown  on  the  Fortieth  Parallel  maps.  The  northern 
part  of  the*  range,  up  to  within  a  few  miles  of  Altoona  Pass,  has  the 
aspect  of  a  great  west-sloping  table  which  ends  in  a  scarp  on  the 
west,  facing  the  valley.  At  Altoona  Pass  the  range  is  narrower  and 
has  a  very  sharp  summit,  with  a  steep  descent  on  both  sides.  Farther 
south  the  range  grows  lower  and  is  ])roken  by  frequent  gaps,  till  it 
passes  into  low  volcanic  hills  and  dies  out  in  the  Ralston  Desert. 

Gilbert '*  has  observed  a  single  spur  of  metamorphic  rock  on  the  west 
side  of  the  range  at  it.s  southern  end.  Otherwise  the  whole  southern 
part  of  the  range,  as  observed  by  Mr.  Gilbert  and  the  writer,  is  vol- 
canic. At  Altoona  Pass  the  lava  is  fi  siliceous  rhyolite  like  that  of 
the  Hot  Creek  Range. 

It  is  probable  that  this  range  has  l)een  formed  by  a  seri(\s  of  vol- 
canoes along  a  north-south  line.  The  topography  of  the  southern 
part  of  the  range  (like  that  in  the  southern  parts  of  the  Toquima  and 
Pancake  ranges)  is  extremely  irregular,  consisting  in  part  of  inter- 
rupticd  mesas  and  ancient  volcanic  cones  defaced  by  erosion.  It  is 
plain  from  this  topography  that  the  lavas  have  escaped  from  many 
different  vents  and  have  flowed  together.  Erosion  of  the  lava  has 
gone  on  to  a  considerable  extent,  indicating  the  lapse  of  some  time 
since  the  cessation  of  volcanic  activity. 

WAHWEAH    RANGE. 

The  name  Wahweah  Range  is  applied  to  an  irregular  cluster  of  liills 
west  of  the  southern  end  of  the  Piiion  Range  and  just  within  the 


«  U.S.Geol.  Expl.  Fortieth  Par.,  Vol.  11,  p.  551. 

^  Mon.  U.  S.  Geol.  Survey  Vol.  XX,  p.  2()1. 

<*U.  S.  Geog.  Surveys  W.  One  Hundre<lth  Mer.,  Vol.  Ill,  p.  121. 
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northern  limits  of  the  accompanying  map.  It  was  not  visited  by  the 
writ**r,  and  the  following  brief  characterization  is  taken  frona  the 
reports  of  the  Fortieth  Parallel  Survey: 

The  range  is  about  30  miles  long  and  at  its  northern  end  consists 
mainly  of  granite,  together  with  a  heavy  bo<ly  of  quartzite,  which  was 
n*ferre<l  to  the  Ogden  Devonian  on  lithologic  grounds,  there  being  no 
fossils.  The  sedimentary  rocks  are  here  flanked  by  flows  of  volcanies, 
which  farther  south  mantle  over  the  stratified  rocks  and  constitute 
most,  of  the  surface,  oxiK)sing  the  underlying  Paleozoic  only  in  patches.** 

TOQUIMA  RANGE. 

The  Toquima  Range  is  situated  next  west  from  the  Monitor  Range. 
It  has  a  trend  a  little  east  of  north  and  a  total  length  of  about  80 
miles.  At  its  north  end  it  passes  into  the  level  desert  east  of  Austin, 
and  its  south  end  is  situated  southwest  of  Belmont,  on  the  borders  of 
Ralston  Valley.  The  San  Antonio  Mountains  are  an  irregular  elunip, 
south  of  the  Toquima  Range,  and  are  separat-ed  from  this  range  by 
a  gap  only  a  few  miles  wide.  They  are  surrounded  on  all  sides  by 
detritus-covered  plains. 

TOPOGRAPHY. 

The  Toquima  Range  has  comparatively  great  relief.  In  general  it 
consists  of  a  single  ridge  of  moderate  breadth.  At  its  southern  end, 
near  the  town  of  Uelmont,  this  splits  in  two,  the  main  ridge  ti*ending 
a  little  west  of  south  toward  the  San  Antonio  Mountains,  while  a  minor 
one  diverges  and  runs  in  a  southeasterly  direction  into  the  Monitor 
Range.  Between  the  two  ridges  is  a  low  valley,  filled  with  Pleistocene 
detritus. 

The  range  is  essentially  volcanic,  but  in  places  is  exposed  a  core  of 
Paleozoic  rocks  beneath,  indicating  that  here,  as  in  the  Hot  Creek 
Range,  the  Antelope  Mountains,  and  othei*s,  there  existed  a  distinct 
range  of  Paleozoic  rocks  before  the  lava  effusion,  which  has  now 
almost  completely  masked  the  stratified  rocks  and  given  the  range  the 
aspect  of  l)eing  primarily  volcanic. 

SEDIMENTARY  ROCKS. 

The  range  was  crossed  by  the  writer  only  at  one  point.  His  route 
lay  from  the  town  of  Belmont,  around  the  southern  end  of  the  range, 
along  the  road  to  Cloverdale.  Along  this  route  no  stratified  rocks 
could  be  seen  in  the  range.  North  of  Belmont  all  is  apparently  vol- 
canic. This  impression  has  l>een  confirmed  by  reconnaissance  notes 
made  by  Messrs.  Gilbert''  and  Emmons.*^    Mr.  Emmons  suggests  that 

«  U.  S.  Geol.  Expl.  Fortieth  Par.,  Vol.  II,  p.  566. 

ftU.  S.  Qool.  Surv.  W.  One  Hundredth  Mer.,  Vol.  Ill,  p.  121. 

^'U.  8.  Geol.  Expl.  Fortieth  Pur.,  Vol.  Ill,  p.  303. 
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the  core  of  the  range  some  distance  north  of  Belmont  may  he  com- 
posed of  stratified  rocks,  but  the  first  point  where  they  have  been 
observed  is  just  east  of  Belmont,  where  occurs  a  series  of  black  limy 
slates  and  gray  finely  crystalline  limestone,  banded  bla<;k  and  white, 
and  often  siliceous.  The  formation  is  preeminently  a  slaty  one  and 
has  often  the  aspect  of  a  schist.  This  aspect  is  due  to  nietamorphism, 
occasioned  by  certain  siliceous  dikes  of  the  granitic  family.  One 
great  dike  is  half  a  mile  wide  and  runs  in  a  north-south  direction. 
Near  its  junction  the  shaly  limestones  become  transformed  into  jas- 
peroid,  and  in  places  by  the  development  of  mica  the  rock  passes  into 
mica-schist.  Some  of  the  jasperoid  is  also  schistose,  and  contains 
small  bunches  of  red  and  yellow  metallic  oxides,  which  give  it  the 
aspect  of  a  knotted  schist. 

The  stratified  rocks  here  are  tilted  at  high  angles.  Where  observed 
by  the  writer  they  were  mostly  vertical,  but  Mr.  Emmons  found  a 
general  easterly  dip. 

In  the  slates  Mr.  Gilbert^  found  graptolites,.  which  referred  the 
rocks  to  the  Silurian  age.  According  to  Mr.  Walcott,''  the  rocks  prob- 
ably correspond  to  a  part  of  the  upper  Pogonip  formation  of  p]ureka. 
Mr.  Gilbert*^  estimates  the  apparent  thickness  of  the  stratified  series 
at  Belmont  at  4,()00  or  5,000  feet. 

On  the  roa<l  leading  from  Belmont  southwest  toward  Cloverdale  the 
same  series  of  strata  is  found  at  the  eastern  base  of  the  main  ridge. 
The  chief  rock  is  compact  limy  black  slate,  often  metamorphic  and 
schistose,  corresponding  closely  with  the  rocks  just  east  of  Belmont. 
The  metamorphism  is  evidently,  as  in  the  former  case,  connected  with 
intrusiv^e  masses  of  granite  and  rhyolite.  By  these  the  slate  is  some- 
times transformed  into  an  unsheared  jasperoid  or  to  a  quartz-schist 
(the  latter  often  containing  actinolite  and  staurolite)  and  sometimes 
into  highly  crystalline  mica-schist.  A  mile  south  of  the  most  north- 
ern outcrop  found  the  shales  are  overlain  by  about  200  feet  of  massive 
white  quartzite,  which  is  probably  the  Eureka  formation.  The  quartz- 
ites  and  underlying  beds  ai^e  exposed  south  of  here  for  some  distance 
till  they  disappear  under  Pleistocene  detritus  on  one  side  and  volcanic 
rocks  on  the  other.  Farther  southwest,  however,  at  the  spring,  is  found 
another  small  patch  of  the  schistose  slates  capped  by  the  quartzite. 
This  patch  is  surrounded  on  all  sides  by  rhyolit-es,  and  is  chiefly  altered 
into  jasperoid  seamed  with  iron. 

Looking  eastward  from  the  eastern  base  of  the  main  ridge  a  portion 
of  the  mjnor  ridge  which  runs  southeasterly  from  Belmont  is  seen  to  be 
composed  of  stratified  rocks  similar  to  those  just  described.  Appar- 
ently the  wschists  and  the  overlying  white  quartzite  can  be  recognized. 


n  U.  S.  Geol.  Surv  W  One  Hundredth  Mer.,  Vol.  Ill,  p  181). 
ftMon.  U  S.  Geol.  Survey  Vol.  VUl,  p.  2. 
«Op.  cit.,  p.:*. 
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IGNEOUS  ROCKS. 
LAVAS. 

The  whole  northern  part  of  the  Toquima  Range  appears  to  be  cov- 
ered lip  by  gn»at  flows  of  rhyolite.  Just  east  of  Belmont  the  foothills 
bonl<»ring  the  area  of  stratified  rocks  are  eoinposecl  of  rhyolite  running 
out  to  the  north  toward  the  main  mass.  Rhyolite  is  also  found  in 
large  (piantities  southwest  of  Belmont.  This  area  stretches  north 
and,  growing  broader,  joins  the  great  mass  which  covers  the  northern 
paH  of  the  range.  To  the  south  also  it  appears  to  stretch  across  the 
gap  to  the  San  Antonio  Mountains.  Similarl5%  the  rocks  of  the  minor 
ridge  whi(*h  runs  southeast  from  Belmont  are  mainly  rhyolites,  form- 
ing a  continuous  bo<ly  with  the  rhyolites  of  the  Monitor  Riinge. 

DIKE  ROCKS. 

Near  Belmont  there  is  a  considerable  development  of  coarse-grained 
granitic  rocks.  In  several  cases  these  are  found  to  be  intrusive  into 
tin*  stratified  r(K»ks.  A  mile  south  of  Belmont  is  an  exposure  of  coarse 
granite-porphyry  with  sparse  biotite  and  numerous  large  orthoclase 
phonocrysts  from  2  to  4  inches  long.  This  may  be  continuous  with 
the  great  dike  In^foiv  noted  as  running  north  and  south  just  east  of 
Belmont  and  having  a  width  of  half  a  mile. 

The  rocks  of  this  dike,  however,  are  diffei*ent,  being  finer  grained 
and  in  general  more  siliceous.  They  consist  chiefly  of  quartz  and 
feldsi)ai*.  In  some  places  the  rock  l>ecomes  mostly  quai-tz;  in  others 
mainly  feldspar.  Quartz  veins  are  abundant,  irregular,  and  segrega- 
tional,  and  evidently  are  the  results  of  crystallization  contempora- 
neous in  a  j^eneral  way  with  the  crystallization  of  the  rest  of  the  rock. 
Biotite  is  often  sparsely  present,  and  in  some  places  the  roclv  contains 
consid(»rable  muscovite  and  even  passes  into  muscovitic  quartz  veins. 
Thin  sections  of  the  rock  examined  show  in  one  case  a  fine-grained 
biotilc-quartz-monzonite;  in  another  case  siliceous  muscovite-biotite- 
granite,  peculiar  in  having  certain  areas  entirely  of  quartz.  Tliis 
rock  is  evidently  closely  related  with  another  which  is  essentially' 
composed  of  quartz  and  muscovite,  with  a  little  albite.  This  is  a 
variation  of  the  muscovite-biotite-granite,  in  which  muscovite  has 
larg(»ly  taken  the  place  of  feldspar.  The  distinction  l)etween  this 
type  and  the  micaceous  quartz  veins  which  occur  in  close  connection 
with  it,  is  not  sharp  ^. 

STRUCTURE. 

The  Silurian  shales  which  occur  just  east  of  Belmont  have  a  strike 
of  N.  35"^  W.,  and  change  from  vertical  to  a  generally  easterly  dip. 
Southwest  of  l^elmont,  on  the  eastern  side  of  the  main  ridge,  the  same 


« J.  E.  Spurr,  Quartz-muacovite  rock  from  Belmont,  Nov.:  Am.  Jour.  Soi.,  4th  neriee.  Vol.  X, 
1900,  p.  361. 
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rocks  have  a  general  north-south  strike  and  a  westerly  dip  of  20°. 
The  two  locations,  therefore,  may  be  on  the  two  limbs  of  an  anticli- 
nal fold.  The  further  structure  of  the  stratified  rocks  is  concealed 
beneath  the  lava  flows. 

ORES. 

In  the  vicinity  of  Belmont  there  has  been  considerable  ore  deposi- 
tion, which  in  the  time  of  Nevada's  prosperity  made  the  region  one 
of  considerable  wealth.  At  present  the  mining  industry  is  i)erfectly 
dormant.  During  the  period  of  activity  the  region  was  described  by 
Mr.  Emmons.*'  According  to  him  the  ores  occur  generally  in  white 
quartz  veins,  often  several  feet  in  width,  and  consist  principally  of 
stetefeldtite  (an  argentiferous  ore  of  antimony)  with  which  is  com- 
bined lead,  silver,  copper,  and  iron.  The  metallic  minerals  are  scat- 
tered through  the  quartz  in  bunches  or  disseminated  i)articles — rarely 
in  banded  form.  The  veins  are  found  cutting  the  Silurian  shales  and 
limestones,  and  frequently  are  close  to  the  intrusive  granitic  dikes. 

It  appears  to  the  writer  that  there  is  a  genetic  connection  between 
the  intrusive  rocks  and  the  metalliferous  quartz  veins  of  this  dis- 
trict. * 

TOYABE  RANGE. 

The  Toyabe  Range  lies  next  west  of  the  Toquima  and  extends  south- 
ward about  the  same  distance.  To  the  north,  however,  it  has  a  greater 
length,  running  along  the  western  border  of  the  desert  into  which  the 
Toquima  Rjmge  merges  at  its  northern  end.  Thus  the  entire  length 
of  the  Toyabe  Range  is  about  100  miles.  It  has  a  uniform  north- 
northeast  trend. 

That  portion  of  the  Toyabe  Range  which  lies  north  of  Austin  has 
been  included  in  the  general  maps  of  the  Fortieth  Parallel  Survey. 
From  Austin  southward  nearly  to  the  southern  end  of  the  range,  the 
mountains  have  been  made  the  subject  of  a  special  study  by  Mr. 
Emmons.''  The  writer  observed  the  range  at  its  extreme  southern 
end,  and  also  its  western  base,  along  the  valley  which  separates  it 
from  the  closely  adjacent  Reese  River  Range. 

TOPOGRAPHY. 

The  topography  of  the  Toyabe  Range  is  marked  by  features  of  con- 
siderable contrast,  the  mountains  being  sharp  and  high  and  the  inter- 
vening canyons  deeply  cut.  Throughout  most  of  its  course  the  range 
consists  of  a  single  ridge  in  its  central  poition.  The  southern  ends  of 
this  range  and  of  the  Reese  River  Range  converge  until  they  almost 
unite. 

The  southern  part  of  the  range  is  essentially  volcanic;  while  the 
rest  is  composed  chiefly  of  granite  and  Paleozoic  strata.     The  erosion 


aV.  8.  Geol.  Expl.  Fortieth  Par.,  Vol.  HI,  p.  398. 

&  J.  E.  Spurr,  Am.  Jour.  Sci.,  4th  series.  Vol.  X,  1900,  p.  856. 
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of  tho  lavas  appears  to  have  been  quite  as  profound  as  that  of  the 
stratified  rocks,  showing  that  a  considerable  period  has  elapsed  since 
the  effusion  of  volcanic  material. 

In  the  valley  which  separates  the  southern  end  of  the  Toyabe  Range 
from  the  corresponding  portion  of  the  Reese  River  Range  there  is  a 
high  divide,  separating  the  north-flowing  drainage  of  Reese  River 
from  that  which  flows  south  into  the  desert  plain  at  Cloverdale.  The 
south-flowing  drainage  runs  in  a  canyon  cut  into  the  bottom  of  the 
valley,  with  rhyolite  walls  which  go  up  at  angles  of  from  45°  to  05^  to 
heights  of  7(X)  or  8(X)  feet.  At  its  bottom  is  a  level  floor  covered  with 
wash  and  sagebrush,  and  in  the  center  of  this  floor  is  an  arroyo  5  or 
6  feet  deep.  At  Cloverdale  this  bottom  is  one-quarter  of  a  mile 
aen)88,  while  7  or  8  miles  up  it  is  barely  30  yards.  The  stream  which 
flows  in  this  canyon  is  derived  from  a  spring.  This  case  is  like  one 
descrilHHl  in  the  Snake  Range  region. 

Another  noteworthy  feature  of  the  erosion  of  this  range,  according 
to  Mr.  Emmons,  is  the  occurrence  of  basins  at  the  heads  of  some  of 
the  canyons,  which  basins,  he  infers,  were  formerly  occupied  by  glaciers. 
At  the  mouth  of  one  of  the  canyons  Mr.  Emmons «  found  glacial  striae, 
which  stnMigtheued  his  belief.  On  most  of  the  Great  Basin  ranges,  as 
is  well  known,  there  are  no  marks  of  glaciation. 

SEDIMENTARY   ROCKS. 
CAMBRIAN. 

All  the  stratified  Paleozoic  strata  of  the  Toyabe  Range  were  mapped 
by  the  Fortieth  Parallel  geologists  as  Carboniferous,  since  (Carbonif- 
erous fossils  were  the  only  ones  found  in  the  series.  These  occurred 
in  limestones.  Beneath  the  limestones  was  a  thick  series  of  slates, 
which  were  regarded  as  the  same  as  those  in  the  Toquima  Range  near 
Belmont.  The  subsequent  finding  by  Mr.  Gilbert  of  fossils  in  the 
Belmont  slates  determined  them  as  Silurian.  Beneath  these  slates, 
in  the  Toyabe  Range,  Mr.  Emmons  has  described  a  series  of  compact 
white  quartzites  with  some  thin  beds  of  white  granular  limestone,  the 
series  being  several  thousand  feet  thick.  The  quartzites  underlie  the 
slate  series  in  apparent  conformity,  and  outcrop  in  places  along  the 
eastern  face  of  the  south  half  of  the  range. 

Farther  north,  l)eyond  Austin,  the  high  mountain  called  the  Dome 
has  been  described  by  Mr.  Hague*  as  consisting  of  nearly  white 
quartzite  beds,  which  seem  to  be  bent  into  a  broad  anticlinal  fold. 
These  are  overlain  by  beds  of  siliceous  and  argillaceous  slates,  and 
these  by  compact  gray  limestones.  This  is  evidently  the  same  series 
as  described  by  Mr.  Emmons.  The  thickness  of  the  quartzites  is  not 
estimated,  but  must  be  great. 


a  U.  S.  Geol.  Expl.  Fortieth  Par.,  Vol.  HI,  p.  888. 
fcldem,  Vol.n,  p.630. 


Digitized  by 


Google 


8PURR.]  TOYABE   RANGE.  95 

No  fossils  were  found  in  these  quartzites,  but  in  the  Eureka  section 
no  such  quartzite  exist  except  that  of  the  basal  Cambrian;  and  the 
position  of  this  series  in  the  Toyalie  Range  above  probable  Silurian 
slates  strengthens  the  belief  that  it  also  is  Cambrian. 

SILURIAN. 

As  before  noted,  Mr.  £mmons  has  described,  overlying  the  heavy 
quartzites,  an  estimated  thickness  of  7,000  feet  of  limestone  shales, 
with  siliceous  clay  slates,  locally  metamorphosed  into  schistose  rocks. 
Mr.  Emmons  regarded  these  slates  as  the  same  as  at  Belmont.  In 
these  latter  rocks  Silurian  fossils  have  since  been  found.  In  the 
Eureka  section  the  thickness  of  the  Silurian  is  estimated  at  5,000  feet. 

This  slate  series  occupies  the  central  portion  of  the  ranere,  the  gen- 
eral structure  being  anticlinal. 

DEVONIAN. 

Whether  or  not  the  Devonian  exists  in  this  range  is  not  certain. 
The  presence  of  Carboniferous  and  probable  Silurian  makes  it  seem 
very  possible  that  the  Devonian  also  comes  in,  although  it  has  not 
been  recognized. 

CARBONIFEROUS. 

Overlying  the  slate  series  which  has  just  l)een  referred  to  the 
Silurian,  Mr.  Emmons  «  has  described  a  computet  dark-blue  limestone 
which  lies  conformably  upon  the  slates  and  is  exposed  on  both  flanks 
of  the  range  on  the  two  sides  of  the  general  anticlinal  fold  which  is 
the  chief  structural  feature.  In  this  limestone.  Mr.  Emmons  found 
Fusvlina  cylindrica  and  Syringopora, 

TERTIARY. 

Near  the  northern  end  of  the  range  Mr.  Hague*  has  described, 
beneath  rhyolite,  beds  of  volcanic  ash  which,  although  without  det<*r- 
minable  fossils,  he  referred  to  the  Miocene.  These  beds  are  older  than 
the  rhyolite  and  have  been  disturbed,  since  their  deposition,  by  the 
intrusion  of  igneous  rocks,  so  that  they  underlie  unconformably  sup- 
posedly Pliocene  strata,  which  are  younger  than  the  rhyolite. 

IGNEOUS  ROCKS. 

A  considerable  portion  of  the  Toyabe  Range  is  made  up  of  granite 
and  volcanic  rocks. 

GRANITE. 

Mr.  Emmons*^  has  described  five  bodies  of  granite,  all  intrusive  into 
Paleozoic  strata.  The  rocks  vary  somewhat  in  texture  and  composi- 
tion, but  are  generally  markedly  siliceous,  being  characterized  by  a 
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largo  proportion  of  quartz,  au  almost  entire  absence  of  hornblende, 
and  a  small  projiortion  of  mica.  Associated  with  the  granite  are  fine- 
grained dikes. 

BHTOUTE. 

Volcanic  rocks  occur  at  intervals  along  the  flanks  of  the  range,  but 
the  most  imiKirtant  nuiss  is  at  the  8*>uthern  end,  where  for  30  miles  it 
compl(»tely  conceals  the  granite  and  the  stratified  rocks. 

Among  the  volcanic  rocks,  rhyolite  is  the  only  one  that  has  any 
veiy  wi<lc  distribution,  so  far  as  observed.  Mr.  Emmons  not^s  that 
rhyolite  <K*curs  in  exceptionally  large  masses  and  is  of  comparatively 
uniform  coarse  texture,  having  a  granitic  apiK^arance  in  the  hand 
si)ecimen.  At  tlie  southern  end  of  the  range  the  present  writer  has 
studied  the  rhyolites,  which  are  here  associated  with  tuffs.  The  gen- 
eral type  is  biotit<»-hornblende-rhyolite,  similar  to  the  lava  which  forms 
the  southern  end  of  the  mljacent  To<iuima  Range. 

AUOITK-BASALT. 

In  the  little  valley  which  separates  the  southern  end  of  the  Toyabe 
Range  from  the  Reese  River  Range  there  was  found,  near  the  head 
of  the  Ri*ese  River  drainage,  a  small  area  of  augite-basalt. 

UELATIVK   AGE   OF  THE   lONEOUS   ROCKS. 

As  in  tlie  Tocmima  liange,  the  intrusive  gmnites  of  the  Toyabe 
Range  and  tht^  rhyoliUvs  show  marked  consanguinity  in  composition. 
Kach  is  cliaracterized  by  biotite  as  the  chief  ferromagnesian  mineral. 

Th(}  augite-basalt  is  decidedly  younger  than  the  rhyolite,  since  it 
was  poured  out  in  a  valley  which  has  been  deeply  cut  into  the  latter 
rock. 

STRUCTURE. 

According  to  Mr.  Emmons'*  the  range  owes  its  existence  chiefly  to 
a  hiteral  compression,  wliich  han  thrown  the  stratified  rocks  into 
north-south  anticlinal  and  synclinal  folds.  In  addition  to  this 
tliere  has  been  another  pressure,  coming  from  a  different  direction, 
which  has  distorted  and  (lislocat(*d  these  folds.  The  main  fold  of  the 
range  is  an  anticline,  which  occui)ies  the  whole  central  part  of  the 
range.  Tlu^  axis  of  this  fold  has  an  extreme  variation  from  northeast 
at  its  northern  end  to  northwest  at  its  southern.  South  of  here,  at 
Opiiir  C-anyon,  Mr.  Emmons  noted  a  syncline,  probably  adjjicent  to 
the  main  anticline.  This  syncline,  however,  was  probably  formed  by 
the  intrusion  of  granite.  To  the  north  of  the  central  part  of  the 
range,  in  the  vicinity  of  Austin,  another  synclinal  fold  appears,  which 
also  s(»ems  to  be  connected  with  a  granitic  intrusion.     Farther  north, 
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Digitized  by 


Google 


8PURR.]  TOYABE   RANGE.  97 

as  stated,   the  structure  of    the  high   mountain   called   the   Dome 
appeared  to  Mr.  Hague  ^  to  be  anticlinal. 

ORES. 

Formerly  the  ores  of  the  Toyabe  Range  were  of  great  economic 
importance,  but  with  the  decline  of  the  mining  industries  of  Nevada 
they  have  been  almost  forgotten.  The  principal  mining  region  was  in 
the  neighborhood  of  Austin,  but  mines  were  found  from  here  south- 
ward all  along  the  range.  Mr.  Emmons  luis  described  many  of  the 
deposits,  which  in  nearly  every  case  consist  of  veins  of  white  quartz 
carrying  metallic  sulphides  in  irregularly  disseminated  bunches  and 
streaks.  In  the  vicinity  of  Austin,  the  oldest  mining  district  in  the 
State,  the  veins  are  mostly  in  granite,  and  rich  ores  do  not  appear  to 
occur  in  other  rocks.  In  other  parts  of  the  range,  however,  the  veins 
occur  in  the  stratifieil  rocks.  Besides  quartz  as  gangue  mineral,  man- 
ganese spar  and  calc  spar  were  noted,  while  the  metallic  sulphides 
comprise  proustite,  pyrargyrite,  stephanite,  polybasite,  tetrahedrite, 
argentiferous  galena,  zinc  blende,  copper  i)yrite8,  and  iron  pyrites. 
In  some  of  the  veins  the  chief  silver-bearing  mineral  is  a  mixed  sul- 
phide of  antimony,  as  is  the  case  in  the  neighborhood  of  Belmont. 
The  veins  are  often  faulted. 

As  in  the  case  with  the  ores  at  Belmont,  there  is  probably  an  inti- 
mate connection  between  the  metalliferous  quartz  veins  and  the 
intrusive  rocks. 


aU,  8.  Oeol.  Expl.  Fortieth  Par.,  Vol.  U,  p.  «8D. 
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CHAPTER    II. 
RANGES  OF  WE8T-CENTRAI^  IS^EVADA. 

REESE  RIVER  RANGE. 

The  Reese  River  Range  lies  next  west  of  the  Toyabe  Range,  from 
which  it  is  separated  only  by  a  narrow  north-south  valley  at  its 
southern  end.  From  here  it  extends  in  a  direction  a  little  east  of 
north  about  ICM)  miles  into  the  area  of  the  Fortieth  Parallel  surveys. 
Farther  north  the  same  general  line  of  elevations  is  continued  in  the 
Shoshone  Range. 

TOPOGRAPHY. 

So  far  as  observed,  the  Reese  River  Range  is  composed  entirely  of 
igneous  rocks,  and  the  forms  produced  by  erosion  have  therefore  a 
certain  uniformity.  The  summits  show  peaks  which  resemble  rem- 
nants of  ancient  volcanic  cones,  and  the  valleys  whicli  furrow  the 
flanks  are  deeply  cut. 

The  valley  which  separates  the  Reese  River  Range  from  the  Toyabe 
Range  at  its  southern  end  has  considerable  interest.  Its  broad 
rounded  form,  as  contrasted  with  the  sharp  incision  of  the  Ies.ser 
mountain  valleys,  shows  that  it  has  not  been  produced  since  the 
effusion  of  the  lavas,  but  existed  previously;  yet  the  bottom  of  the 
valley  consists  of  an  unknown  thickness  of  lava,  similar  to  that  of 
the  mountains  on  both  sides.  Subsequent  to  the  period  of  effusion, 
erosion  has  formed  deep  gorges  in  the  valley  bottom. 

Fifteen  miles  north  of  the  southern  end  of  the  Reese  River  Range 
there  is  in  the  valley  a  divide  which  separates  the  northward-flowing 
drainage  of  Reese  River  from  that  which  runs  south.  The  southward- 
flowing  drainage  is  in  a  canyon  which  is  cut  below  the  main  valley 
floor  700  or  800  feet.«  On  the  north  side  of  the  divide,  the  descent  is 
sharj)  into  a  broad,  V-shaped  valley  cut  in  the  rhyolite.  Farther 
north,  where  the  mountains  diverge,  the  valley  suddenly  widens,  and 
at  the  same  time  the  topography  of  the  base  of  the  mountains  on  both 
sides  changes,  a  broad,  gently  sloping  plateau  taking  the  place  of  the 
irregular  hill  topography  of  the  higher  valley.  In  the  middle  of  this 
plateau  the  valley  in  which  the  uppermost  drainage  of  Reese  River 
flows  is  several  miles  wide. 

a  See  p.  94. 
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IGNEOUS   ROCKS. 

So  far  as  seen,  the  range  is  composed  mainly  of  great  masses  of 
rhyolite,  similar  to  the  lava  which  makes  up  the  southern  end  of  the 
Toyabe  Range.  Along  the  eastern  base  of  the  mountains,  at  their 
southern  end,  are  abundant  deposits  of  white  volcanic  ash.  The  erup- 
tions which  poured  out  the  lava  must,  therefore,  have  been  of  an 
explosive  nature. 

In  the  valley  between  the  Reese  River  Range  and  the  Toyabe 
Range,  at  a  point  southeast  of  lone,  a  flow  of  augite-basalt  wa«  found. 
On  the  opposite  side  of  the  range,  in  the  vicinity  of  lone,  there  is  a 
considerable  body  of  the  same  rock. 

On  the  edge  of  the  desert  valley,  1  or  2  miles  west  from  lone,  there 
is  a  basic  lava  which  appear,  upon  microscopic  examination,  to  be 
biotite-andesite. 

The  low  ridges  running  south  from  Cloverdale  to  the  Monte  Cristo 
Mountains  are  mainly  flat  volcanic  mesas.  As  seen  from  the  vicinity 
of  lone,  the  Reese  River  Range  for  10  or  15  miles  north  is  evidently 
volcanic,  and  is  probably  mainly  so  up  to  the  junction  of  the  Fortieth 
Parallel  map,  where  the  Shoshone  Range  is  represented  as  all  rhyolite. 

AGE   OF   LAVAS. 

The  augite-basalt  on  both  sides  of  the  range  is  plainly  younger  than 
the  rhyolite,  and  appears  to  lie  against  the  flanks  of  the  hills  eroded 
from  it. 

ELLSWORTH  RANGE. 

The  name  Ellsworth  Range  is  here  applied  to  the  extreme  southern 
end  of  a  series  of  rather  disconnected  ridges  which  farther  north  are 
known  as  the  Desatoya  Mountains.  This  southern  end,  so  named 
from  the  decayed  mining  camp  of  Ellsworth,  is  narrow,  and  consists 
of  a  single  ridge  which  reaches  a  moderately  great  altitude. 

In  general  the  range  seems  to  be  composed  of  an  ancient  series  of 
volcanics  and  derived  tuffs,  with  limestones.  These  are  cut  by  dikes 
and  are  capped  and  often  entirely  hidden  by  late  volcanic  flows. 

SEDIMENTARY   ROCKS. 

The  range  was  crossed  by  the  writer  between  Ellsworth,  on  the  east 
side,  and  Downieville,  on  the  west.  On  the  road  some  miles  west  of 
Ellsworth  is  a  comparatively  small  outcrop  of  white  granular  lime- 
stone, consisting  of  loosely  cohering  calcite  crystals,  which  give  a 
granular  appearance  not  unlike  that  of  sandstone.  This  rock  is  asso- 
ciated with  an  altered  green  rock  of  probable  igneous  origin,  which 
is  cut  by  siliceous  dikes  and  is  frequently  mineralized.  The  only 
specimen  of  the  green  rock  examined  turned  out  to  be  made  up  of 
epidote,  quartz,  and  calcite,  all  probably  secondary  and  resultant 
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from  alWration  accoinpHiiyinj^  llu»  introduction  of  the  metallic  sul- 
phides which  are  frequently  found  disseminated  in  the  rock. 

On  the  summit  of  the  pass,  separated  from  the  locality  just  men- 
tioned by  a  sheet  of  overlying  basic  lava,  there  is  found,  immediately 
beneath  the  volcanic  rock,  a  dense  sandstone  or  tuff,  which  on  micro- 
scopic examination  is  found  to  consist  of  rounded  quai'tz  grains  and 
altered  feldspar  fragments.  This  tuff  contains  occasionally  angular 
fragments  of  lava  and  also  dcmbtful  plant  remains. 

From  here  to  the  foot  of  the  comparatively  steep  scarp  which  occurs 
along  the  west<5rn  face  of  the  range,  there  is  a  vertical  distance  of 
nearly  2,000  feet.  The  section  shows  a  single  rock  series,  all  prob- 
ably of  igneous  origin.  The  rocks  are  I'eddish  or  greenish,  often 
trap  like  and  nearly  always  contain  abundant  angular  fragments  of 
lava,  giving  the  appearance  of  a  breccia.  Rock  having  the  appear- 
ance of  red  sandstcme  is  common,  but  when  examined  under  the  micro- 
scope tliis  is  found  to  consist  chiefly  of  highly  altered  feldspar  frag- 
ments, M'ith  some  calcite  and  epidole,  the  whole  being  stained  with 
iron  oxide.  It  is  probable,  thereof  ore,  that  this  rock  is  also  a  volcanic 
tuff.  More  abundant  than  this  apparent  red  sandstone  is  a  dense, 
greenish-looking  rock,  which  microscopic  examination  shows  1^  be 
probably  a  hornblende-biotite-syenite-porphyry.  Below  the  chief 
mass  of  tliis  igneous  rock  there  is  again  found  a  great  thickness  of 
feldspathic  tuff,  which  is  highly  colored  in  the  hand  specimen.  Under 
the  mieroscoiH^  the  tuff  is  seen  to  be  made  up  of  rounded  and  broken 
fragments  of  feldspar  in  a  kaolin  ic  matrix,  the  whole  colored  by  iron 
oxide.  Below  this  again  there  is  found  white  volcanic  tuff,  resem- 
bling ash,  but  containing  some  rounded,  apparently  w^aterworn, 
grains. 

The  dip  of  tliis  series  of  igneous  rocks  and  tuffs  seems  to  be  in  gen- 
eral to  the  M'est,  although  the  folding  on  a  small  scale  is  considerable. 

At  the  biise  of  the  abrupt,  mountain  scarp  is  found  a  moderately 
thin-bedded  siliceous  limestone,  w  ithout  fossils.  The  general  strike 
is  north  and  south,  and  the  dip  20°  to  30°  W.  This  rock  is  found 
continuously  to  the  end  of  the  foothills  at  Downieville,  where  dark- 
blue  limestone  alternates  with  beds  of  white  and  gray  granular 
limestone  or  marble. 

In  the  whole  series  exposed  in  the  P]llsworth  Range  no  fossils  were 
found,  except  in  the  limestone  just  east  of  Downieville,  where  they 
were  too  poorly  preserved  to  warrant  collection. 

The  marble  or  white  granular  limestone  at  Downieville  resembles 
that  described  on  the  east  side  of  the  mountain,  above  Ellsworth. 
In  both  places  there  is  a  north-south  strike.  The  dip  in  the  occur- 
rence near  Ellswoi-th  is  an  easterly  one  of  4°,  while  near  Downieville 
it  is  westerly,  averaging  20°  or  30°.  It  may  be,  therefore,  that  the 
two  occurrences  are  on  opposite  sides  of  an  anticlinal  fold.  If  this 
is  the  case,  then  the  thick  series  of  intcrstratifled  igneous  rocks  and 
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tuffs  which  constitutes  the  core  of  the  mountain  lies  beneath  the 
limestone  series.  The  volcanic  series  must  be  at  least  2,000  feet  thick, 
the  limestone  series  hardly  less. 

If  we  had  no  other  data  than  the  preceding  we  would  hardly  be  able 
even  to  suggest  the  age  of  the  rocks.  We  have,  however,  from  the 
researches  of  the  Fortieth  Parallel  geologists,  in  the  region  not  far 
north,  results  which  may  help  us  in  correlating.  In  this  same  range 
near  New  Pass  Peak,  about  (JO  miles  northeast,  are  Triassic  strata 
which  Mr.  Emmons  has  described  in  the  following  terms  ^  : 

The  lowest  exix>STire8  show  strata  of  a  greenish,  somewhat  cherty  qnartzite. 
Above  these,  forming  the  summit  of  the  ridge,  is  a  breccia-like  conglomerate, 
made  np  of  greenish  and  purple  cherty  fragments,  with  a  red  cement,  overlaid 
by  a  thickness  of  ahont  1,000  feet  of  quartzite  and  conglomerate,  weathering 
with  a  peculiar  yellowish-brown  earthy  surface.  On  the  western  slopes,  imme- 
diately underlying  the  limestones,  is  a  bed  of  purple,  argillaceous  roofing  slate. 
As  exposed  in  Ammonite  Canyon,  there  lies  conformably  above  this  a  thickness 
of  1,000  to  1,500  feet  of  dark  grayish-blue,  compact,  earthy  limestones  of  the 
Star  Peak  group,  which  lithologically  can  not  be  distinguished  from  the  Car- 
boniferous limestones.  At  the  contact  of  the  limestones  with  the  quartzites  is  a 
band  of  yellow  calcareous  shales. 

The  underlying  greenish  cherty  quartzite  and  breccia-like  con- 
glomerate with  red  cement,  described  by  Mr.  Emmcms,  recalls  the 
central  mass  of  tuffs  and  volcanic  rocks  near  Ellsworth,  while  the 
overlying  dark  grayish-bhie  limestones  are  similar  to  those  near 
Downieville.  Immediately  above  the  limestones  Mr.  Emmons  found 
abundant  Triassic  fossils  in  a  series  of  shales  which  M'ere  not 
observed  in  the  Downieville  section 

The  lower  of  the  two  series  at  New  Pass  Peak  has  been  correlated 
by  Mr.  King  with  the  Koipar.o  formation,  and  the  underlying  lime- 
stone with  the  Star  Peak  formation,  both  formations  occurring  in 
the  Triassic  of  West  lIuml>oldt  Range.  C-onceming  the  Koipato  in 
the  West  Humboldt  Mountains,  Mr.  King  writes  that  at  the  base  it 
consists  of  a  vast  thickness  of  quartzitic  and  argillaceous  beds. 
These  purely  sedimentary  rocks  are  observed  to  pass  laterally  into  a 
rock  which  in  hand  specimens  resembles  an  eruptive  rock. 

This  whole  series  contains  no  distinct  beds  of  limestone,  and  wherever  analyzed 
is  remarkably  free  from  carbonate  of  lime.  Its  lower  limit  is  nowhere  seen  and, 
owing  to  the  disappearance  of  the  strata  planes  under  extreme  metamorphism, 
there  is  no  possible  mode  of  arriving  at  its  total  thickness.  The  upper  limit, 
however,  is  sharply  marked  by  an  abrupt  transition  from  the  schists  into  a  body 
of  dark  carbonaceous  limestone.  To  this  whole  underlying  group  of  schists  and 
porphjrroids  we  have  Kiven  the  title  Koipato,  from  the  Indian  name  of  this  range.  ^ 

Allowing  for  some  slight  difference  in  interpretation,  Mr.  King's 
characterization  of  the  Koipato  formation  applies  to  the  rocks  on  the 
western  face  of  the  range  between  Ellsworth  and  Downieville.  Mr. 
King  l>elieved  that    the   transition   from    sedimentary  argillites    to 
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igneous  rocks  resiilte<l  from  metamorphism,  while  in  the  ease  of  the 
rocks  near  Ellsworth  lliose  which  possess  igneous  structure  are  almost 
without  doubt  ancient  volcanic^s,  which  pass  above  and  below,  and 
probably  laterally,  into  shales,  conglomerates,  and  water-laid  bre<?- 
cias  derived  from  these  or  similar  igneinis  rocks.  The  whole  series 
therefore  is  ccmceived  to  repr(»sent  the  pro^luct-sof  a  ]>erioil  of  ancient 
volcanic  activity. 

The  series  is  moiM*  induratinl,  altered,  and  oxidized  than  any  of  the 
Tertiary  volcanic  series,  and  no  similar  rocks  are  known  in  the  Paleo- 
zoic of  Nevada.  Their  correlation  with  the  established  Triassie  for- 
mations is  therefore  plausible. 

KiN^iiOrS   RO(^KS. 

The  oldest  igneous  rocks  of  the  range  are  those  just  descril>ed  as 
inters! ratified  with  the  tuffs  of  the  great  ancient  volcanic  series.  The 
only  specimen  examine<l  is  probably  a  hornblende-biotite-sj^eiiite- 
porphyr>'. 

Next  younger  than  lhes<»  ancient  volcanic»s  come  siliceous  dikes, 
which  are  well  exposed  on  the  eastern  fa(*e  of  the  range,  near  Ells- 
worth. The  most  easterly  outcrop  encountered  is  an  alaskite-por- 
phyr}*^^  containing  feldspar  phenocrysts  which  are  sometimas  as  much 
as  ^  or  0  inches  long.  This  resembles  the  granitic  rock  described 
south  of  Helmont.  It  is  cut  by  severjil  narrow  dikes  of  finer-grained 
rock  having  the  same  composition,  but  not  j^orphyritic.  These  silice- 
ous dikes  are  intrusive  into  metamorphosed  green  rock  just  west  of 
Ellsworth,  the  siliceous  rock  (uitting  the  other  in  numerous  dikes. 

Covering  the  ancient  volcanic  rocks  and  the  later  alaskite  dikes 
there  is  found,  occupying  the  center  of  the  mountain  between  Ells- 
worth and  Downieville,  a  bed  of  volcanic  ash.  Alwve  this,  forming 
the  crest  of  the  range  and  constituting  all  the  high  peaks,  is  a  mas- 
sive, columnar- join  ted  volcanic  rock.  A  specimen  of  this  proved  on 
examination  to  l>e  hyperst-hene-aleutite.''  In  the  western  foothills, 
near  Downieville,  is  also  i^robably  a  patch  of  similar,  comparatively 
young  volcanic  rock,  and  north  of  Downieville  the  low  limestone 
mountains  are  succeeded  after  a  few  miles  by  a  chain  of  lower  hills, 
which  are,  in  part  at  least,  volcanii*.  These  extend  northwartl  at  least 
10  or  15  miles.  At  the  southern  end  of  the  Desatoya  Range,  as  mai>ped 
by  the  Fortieth  Parallel  geologists,  the  rocks  are  all  volcanic,  envelop- 
ing the  Triassie  strata  (exposed  in  the  region  of  New  Pass  Peak. 

STRUCTURE. 

Apparently  the  main  structure  of  the  range  is  anticlinal,  the 
ancient  volcanic  series  constituting  the  core,  from  which  the  overly- 


a Alaskite  is  a  general  name  proxM>8ed  for  rocks  oonsistinK  cHstmtially  of  quartz  and  alkali  feld- 
spar, without  esHential  ferroniagrne8ian  minorals.  J.  E.  Spurr,  Classifleation  of  igrneoos  rocks 
according  to  composition:  Am.  (Jeol.  Vol.  XXV.  liKM),  No.  8. 

^ AleuUte  is  the  name  proiK>sed  for  a  rcx*k  interme<liate  lietween  andesite  and  basalt.  J.  E. 
Spurr,  Classification  of  igneous  rocks  a^.'cording  to  composition:  Am.  Qeol.,  Vol.  XXV,  1900.  No.  3. 
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ing  limestones  dip  away  on  both  sides.  Just  north  of  Downieville  the 
low  limestone  mountains  are  separated  from  the  main  range  by  a  shal- 
low and  relatively  broad  valley.  The  structure  of  these  low  mountains 
is  anticlinal,  and  between  this  anticline  and  the  one  comprised  in  the 
main  ridge  is  a  syncline,  in  which  the  intervening  valley  lies. 

ORBS. 

On  both  sides  of  the  range  there  are  ore  deposits,  once  of  great 
economic  value,  now  largely  abandoned.  The  mines  near  Ellsworth 
seem  to  be  in  the  ancient  igneous  formation,  and  these  old  rocks  show 
on  exposed  surfaces  carbonate  of  copper  and  on  fresh  breaks  copper 
pyrite.  Between  Downieville  and  the  top  of  the  mountains  also  there 
are  ore  deposits  in  the  ancient  volcanic  series.  At  Downieville  ores 
are  found  in  the  limestone,  resulting  apparently  from  replacement 
of  the  rock  bj^  sulphides. 

PILOT  MOUNTAINS. 

East  of  the  Excelsior  Range,  on  the  other  side  of  Soda  Springs  Val- 
ley, lies  a  short  but  comparatively  rugged  mountain  range  which  has 
a  north-south  trend,  changing  to  northwest  in  its  northern  portion. 
On  the  south  the  foothills  of  this  range  merge  into  those  of  the  Oan- 
delaria  Mountains,  and  are  separated  from  the  northern  end  of  the 
Monte  Cristo  Mountains  only  by  a  narrow  gap.  On  the  north,  the 
Pilot  Mountains  pass  into  the  volcanic  hills  of  the  Gabbs  Valley 
Range. 

The  highast  portion  of  the  range  is  Pilot  Mountain,  which  lies  just 
east  of  Sodaville.  On  the  west  face  of  this  mountain  there  is  a  bold 
scarp  (very  likely  a  simple  fault  scarp),  which  rises  from  a  point  whi(?h 
has  an  estimat^ed  elevation  of  about  0,000  feet  above  sea  level.  Below 
this  point  there  are  immense  gulch  dumps,  or  alluvial  fans,  covering 
the  other  valley  detritus,  and  reaching  several  miles  westward  toward 
the  center  of  the  valley. 

SEDIMENTARY  ROCKS. 
EARLY  TERTIARY  OR  MESOZOIC  SERIES. 

Most  of  Pilot  Mountain  is  made  up  of  stratified  rocks.  At  the  base 
is  a  series  of  gray  rocks  which,  on  account  of  a  slight  east- west  flex- 
ure, transverse  to  the  general  north-south  line  of  folding,  passes  down 
to  the  north  and  south  so  as  to  be  covered  by  the  valley  detritus. 
These  rocks  are  hard  to  identify  in  the  field  on  account  of  their  altered 
charactei,  but  microscopic  study  shows  them  to  consist  mainly  of  vol- 
canic tuffs,  generally  coarse,  sometimes  fine  and  slaty.  They  grade 
into  solid  lavas.  A  specimen  of  one  of  the  lava  sheets  on  examina- 
tion seems  to  be  andesite.  In  the  field  no  sharp  line  can  l>e  drawn 
between  the  tuffs  and  the  slaty  lavas.  These  rocks  are  cut  by  many 
dikes  of  siliceous  granite. 
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Overlying:  this  ^ray  tuffaceous  series  are  reddish  sandstones,  shales, 
and  conglomerates,  which  in  turn  are  overlain  by  a  ex)nsiderable 
thickness  of  purer  red  sandstone  and  quartzite,  which  forms  the  sum- 
mit of  the  mountains.  An  estimation  of  the  thickness  of  the  different 
rock  series  in  this  section  gives  1,000  feet  for  the  basal  tuffaceous 
series,  1 ,000  f cn^t  for  the  sandstone,  shale,  and  conglomerate  series,  and 
also  1,000  feet  for  the  i^urer  I'ed  sandstone  series,  making  a  total  of 
2,fK)0.feet  of  red  sandstone,  shale,  and  conglomerate  overlying  1,000 
fef»t  of  the  gray  tuffaceous  series. 

Where  the  rocks  immediately  overlying  the  basal  gray  series  were 
examined  at  the  base  of  the  mountain  they  were  found  to  be  red  or 
white  sandstone  and  quartzite,  sometimes  fine  and  calcareous,  some- 
times coarse  and  gritty.  There  is  also  much  red  sandstone  con- 
glomerate, indurated  and  squeezed.  The  i)ebbles  of  the  conglomerate 
seem  to  l)e  entirely  of  quartzite  and  chert.  This  reddish  sandstone 
and  shale  series  appears  to  extend  northward  several  miles,  until 
overlain  by  latc^*  volcanic  rocks.  On  the  south  it  does  not  extend  so 
far,  being  overlain  in  the  foothills  of  the  Pilot  Range  along  the  road 
between  Sodaville  and  Columbus  by  later  liorizontally  stratified 
sediments. 

The  upx>er  2,000  feet  of  red  sandstone,  shale,  and  conglomerate  is 
perhaps  the  same  series  as  that  descril>ed  as  occurring  in  the  Excel- 
sior Mountains,  just  acmss  the  valley  to  the  west.  The  underlying 
gray  tuffaceous  series  is  not  found  in  the  Excelsior  Mountains.  Litho- 
logically,  some  of  the  tuffs  corresx)ond  to  andesitic  tuffs  found  in  the 
folded  Earlier  Tertiary  series  of  the  Monte  Cristo  Mountains,  20  miles 
south  of  Pilot  Peak.  At  the  same  time,  the  series  has  a  very  strong 
lithologic  I'csemblance  to  the  supposedly  Triassic  l)eds  of  the  Ells- 
worth Range,  into  which  the  Pilot  Mountains  are  almost  directly  con- 
tinuous on  the  north. 

Mr.  11.  W.  Turner  has  r<*cently  reported  Jurassic  limestone  and  slate 
in  the  Pilot  Mountains.  ^  In  a  personal  letter  to  the  writer,  Mr.  Tur- 
ner states  that  at  the  north  base  of  the  mountains  he  found  abundant 
fossils  in  limestone,  which  were  examined  by  Prof.  J.  P.  Smith,  of 
Stanford  Univei-sity,  who  pnmounced  them  certainly  Jurassic. 

PI.IOC^ENE. 

On  the  southern  side  of  Soda  Springs  Valley,  horizontally  stratifie<l 
rolled  gravels  were  found  at  an  elevation  of  about  5,250  feet,  and 
were  referred  to  the  Pliocene  sediments  of  Shoshone  Lake.  Similar 
sediments  undoubtedly  exist  at  the  base  of  Pilot  Mountain,  but  they 
have  been  covered  up  by  the  enormous  subsequent  Pleistocene  gulch 
dumps,  which  form  a  belt  along  the  foot  of  the  mountain.  The  material 
in  these  dumps  manifestly  represents  the  larger  portion  of  that 
removed  from  the  gulches  which  cut  back  int^  the  scarp  of  the  moun- 
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tain  above.     The    erosion    of    these    gulches    is,   therefore,    mainly 
Pleistocene. 

At  the  southern  end  of  the  Pilot  Mountains,  along  the  road  between 
Sodaville  and  Columbus,  is  a  considerable  area  of  horizontally  strati- 
fied fine  silts  and  hardened  clays,  with  some  volcanic  ash  beds.  This 
formation  constitutes  the  divide  between  Soda  Springs  Valley  and 
Columbus  Valley,  and  reaches  as  high  an  elevation  as  6,0(X)  feet,  where 
it  is  overlain  by  a  sheet  of  basalt.  These  beds  are  evidently  the  result 
of  deposition  in  a  still  body  of  water,  and  are  correlated  with  the  sim- 
ilar Pliocene  beds  described  elsewhere  in  this  region. 

IGNEOUS  ROCKS. 
PLEISTOCENE  OLIVINB-BASALT. 

At  the  southern  end  of  the  range,  overlying  probable  Pliocene  sedi- 
ments, occurs  a  thin-bedded,  dark,  vesicular  lava,  which  proves  to  be 
oli vine-basalt.  From  its  occurrence  there  is  no  doubt  that  this  rock 
should  be  classified  with  the  other  Pleistocene  basalts  of  the  region. 

GRANITIC  ROCKS. 

Pilot  Mountain  contains  many  branching  dikes  and  irregular  masses 
of  intrusive  granitic  rock,  similar  to  that  across  the  valley  in  the 
eastern  end  of  the  Excelsior  Range.  A  typical  specimen,  examined 
microscopically,  proves  to  be  a  biotite-granite.  '^The  intrusives  seem 
to  be  chiefly  confined  to  the  base  of  the  mountain,  and  not  to  have 
reached,  in  very  great  quantity,  the  uppermost  strata.  The  granite 
is  accompanied  by  alaskite,^  and  in  the  vicinity  of  these  intrusions 
are  ore  deposits,  as  in  the  case  of  the  east  end  of  the  Excelsior  Moun- 
tains; and  the  ore  has  probably  had  a  genetic  connection  with  the 
igneous  rock. 

MONTE  CRISTO  MOUNTAINS. 

The  Monte  Cristo  Mountains  are  comparatively  short  and  low. 
They  have  a  general  north-south  trend,  and  extend  from  the  Pilot 
Mountains  on  the  north  to  the  Silver  Peak  Range  on  the  south,  with 
a  total  length  of  about  30  miles. 

SEDIMENTARY   ROCKS. 

On  the  road  between  Columbus  and  Silver  Peak  there  is  a  com- 
paratively low  gap  in  the  Monte  Cristo  Range.  In  this  gap  are 
found  low  hills  of  white  shale  capped  by  a  porous  bed  which,  examined 
microscopically,  proved  to  be  a  calcareous  andesite  tuflf.  From  this 
rock  a  collection  of  poorly  preserved  fossil  shells  was  made,  which 
Dr.  W.  H.  Dall  was  not  able  to  identify  with  certainty.  Dr.  Dall 
thought  the  forms  suggested   a  fresh-water  origin.      He   found   a 


oRock  consisting  essentialiy  of  quartz  and  alkali  feldspar,  without  essential  ferromagnesian 
minerals. 
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bivalve,  whi(?li  may  Ik*  a  Sjihcerium^  and  a  gasteropod  that  may  be  a 
Phmorhis.  The  shales  contain  fretjuent  leaves  and  occasional  coal 
seams. 

These  sediments  are  capped  by  volcanic  rocks.  In  the  low  pass 
al)ove  referre<l  to  the  immediat-ely  overlying  rock  is  a  light-gray 
tordrillitc. "     Above  this  comes  andesite. 

At  the  northern  end  of  the  Monte  Cristo  Range  there  appears  to  be 
a  patch  of  stratified  rocks  similar  to  those  just  des<^ribed,  the  inter- 
vening space  l>eing  cx)mpletely  covered  by  lavas. 

Thin  series  has  Ix^en  examined  somewhat  carefully  by  Mr.  PI.  W. 
Turner,  who  has  named  it  the  Esmeralda  formation.  He  finds  that 
it  is  shown  at  various  points  in  the  Silver  Peak  Range,  and  that  it 
comprises  a  considerable  variety  of  sediments.*  According  to  him 
the  series  exi)osed  aggregates  at  least  2,000  feet,  and  is  composed 
chiefly  of  sandstone,  with  some  shale.  The  top  is  made  up  of  lacus- 
tral  marls  and  white  shales.  Mr.  Turner  collected  from  these  rocks 
fossil  shells,  fish  Ixmes  and  scales,  and  dicotyledonous  leaves,  which 
were  examined  by  Dr.  J.  C.  Merriam,  Prof.  F.  A.  Lucas,  and  Dr.  F.  H. 
Knowlton.  Dr.  Merriam  found  that  the  fossil  shells  indicate  an  early 
Mio(*ene  or  a  late  Eocene  age  for  the  l)eds,  and  Dr.  Knowlton  found 
that  the  plant  remains  indicate  a  Middle  Tertiary  age.  The  fish 
remains,  so  far  as  yet  studie<l,  do  not  seem  determinate. 

The  writer  has  observed  in  the  region  south  of  here,  notably  in  the 
neigh l>orhood  of  Death  Valley  and  in  the  Mojave  Desert,  upturned 
Tertiary  sediments  which  he  is  inclined  to  correlate  with  the  betls  of 
tlu^  Esmeralda  formation  in  the  Silver  Peak  and  Monte  C-risto 
Mountains. 

IGNEOUS   ROOKS. 

The  greater  portion  of  the  Mont^  Cristo  Mountains  is  covered  by 
volcanic  rocks.  In  general,  dark  basic  lava  seems  to  overlie  lighter- 
colored  siliceous  lava. 

DESERT  MOUNTAINS. 

The  Desert  Mountains  form  an  irregular  group  which  runs  from 
the  southern  end  of  Mason  Valley  southeastward  to  near  the  north- 
western end  of  the  (4abbs  Valley  Range  at  the  northern  end  of  Walker 
Lake.  In  general  thes(*  mountains  have  slight  relief,  although  north 
of  Mason  Valley  the  peaks  reac^h  a  considerable  height.  At  the 
southern  end  the  mountains  change  into  low  mesas  of  brilliant  color. 

These  mountains  ai*e  composed  entirely  of  well-bedded  volcanic 
rocks.  At  the  extreme  northwestern  end  specimens  examined  prove 
to  be  biotite-hyiMM'sthene-andesite.     Along  the  southeastern  end,  near 


a Tordrillito  differs  from  a  rhyolite  in  Vwung  more  silioeons  Rnd  oontainiutf  no  easentiiU  dark 
minerals.     T.  E.  Spurr,  Am.  Geol.,  Vol.  XXV,  IttD,  No.  li.  p.  231). 
bThe  Esmeralda  formation:  Am.  Cleol.,  Vol.  XXV,  1«M),  p.  1C8. 
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the  head  of  Walker  Lake,  the  old  beaches  of  the  Pleistocene  Lake 
Lahontan  may  be  traced. 

GABBS  VALLEY  AND  GABBS  VALLEY  RANGE. 

Gabbs  Valley  is  a  broad,  flat-bottomed  basin,  almost  completely  sur- 
rounded by  irregularly  distributed  volcanic  mountains.  The  higher 
mountains  to  the  south  of  the  valley-  constitute  the  Gabbs  Valley 
Range,  which  extends  from  Walker  Lake  southeastward  for  about  40 
miles  to  the  Pilot  Mountains.  The  topography  of  this  range,  as  well 
as  of  the  hills  on  the  north  side  of  the  valley,  is  comparatively  primi- 
tive, the  valleys  being  regular  and  in  general  not  very  deeply  cut, 
recalling  the  erosion  topography  of  the  supposedly  Pliocene  lake 
deposits  of  Pleasant  Valley  in  the  Snake  Range. 

SEDIMENTARY   ROCKS. 
EARLIER  TERTIARY  MARLS. 

Near  the  center  of  the  valley,  just  east  of  the  low  mountain  spur 
which  crosses  it,  and  on  the  Reese  River  road,  there  are  low  ridges  of 
gray,  stratified  marl  containing  leaf  remains,  alternating  with  gravels 
and  more  solid  conglomerates.  Some  of  the  conglomerate  contains 
comparatively  abundant  silicified  wood.  The  conglomerate,  when 
examined  microscopically,  proves  to  be  volcanic.  The  pebbles  are 
made  up  in  part  at  least  of  spherulitic  glass.  Some  pebbles  contain 
phenocrysts  of  feldspar,  of  species  indicating  that  the  lava  is  ande- 
sitic,  in  a  glassy  matrix  containing  broken  feldspar  and  biotite. 
Some  of  the  shaly  beds  associated  with  the  conglomerate  are  felds- 
pathic  tuff,  made  up  of  fine  fibrous  material,  with  larger  broken  frag- 
ments of  feldspar  and  some  shreds  of  biotite.  These  l)e(ls  strike  north 
and  south  and  dip  about  8°  E. 

No  fossils  were  obtained  from  these  beds.  The  locality  is,  how- 
ever, at  a  higher  altitude  than  that  of  the  Pleistocene  lake  which, 
according  to  Professor  Russell,'*  covered  the  lowest  part  of  the  valley 
just  west  of  here.  Also,  the  be<ls  seem  to  show  a  general  tilting,  and 
since,  according  to  Mr.  King,*  the  last  marked  folding  in  this  area  was 
post-Miocene,  these  l)eds  are  very  likely  pre-Pliocene.  They  have  the 
aspect  of  lacustrine  marls.  Lithologically,  they  coincide  with  the 
descriptions  given  by  Mr.  King  of  his  typical  Truckee  Miocene,  which 
consists  of  sandstones,  conglomerates,  and  tuffs  at  the  base,  with  an 
enormous  thickness  of  volcanic  tuffs  at  the  top,  tlie  whole  series 
being  as  much  as  2,000  or  3,000  feet  thick.  The  typical  Miocene 
localities  of  King  are  situated  near  here  to  the  north.  Therefore  the 
beds  under  consideration  are  provisionally  correlated  with  those 
described  by  Mr.  King.  They  have  also  a  general  resemblance  in 
their  nature,  derivation,  degree  of  induration,  and  especially  in  their 


a  Mon.  U.  S.  Geo!.  Survey  Vol.  XI,  PI.  XLVI.    b  U.  S.  Geol.  Expl.  Fortieth  Par.,  Vol.  I,  p.  4.55. 
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containing  silicified  wood,  with  the  early  Tertiary  series  of  the  Silver 
Peak  region,  closely  adjacent  to  the  south.     (See  p.  185.) 

PLKI8TOOKNK. 

In  the  lowest  portion  of  Gabbs  Valley,  west  of  the  Tertiary  marls 
just  deseribcHl,  is  a  broad  alkali  flat  or  playa,  covered  with  smooth, 
hard  mud.  This  was  perhaps  the  bottom  of  a  lake  inclosed  in  the 
Gabbs  Valley  Basin.  As  mapped  by  Professor  Russell,  it  was  contem- 
poraneous with  the  great  Lake  Lahontan,  but  separated  from  it. 

At  the  base  of  the  volcanic  mountains  there  is  a  continuous  apron 
of  detrital  material  sloping  away  at  an  angle  of  about  3^°  for  a  mile 
or  two  toward  the  middle  of  the  basin.  As  in  the  case  of  the  similar 
alluvial  deposits  investigated  by  Mr.  Russell, «  these  aprons  seem  to 
bo  older  than  the  gre>at  Pleistocene  lakes. 

The  effect  of  (»olian  action,  of  importance  everywhere  in  the  Great 
Basin,  is  very  conspicuous  in  certain  portions  of  Gabbs  Valley. 
The  wind-blown  sands  have  in  many  places  accumulated  in  consider- 
able mass. 

ICJNEOUS  ROCKS. 

Most  of  the  mountains  surrounding  Gabbs  Valley,  including  the 
Gabbs  Valley  Range,  are  volcanic.  These  rocks  represent  a  variety 
of  species. 

Just  east  of  the  hot  spring  in  the  valley  the  road  passes  through  a 
gap  in  the  mountains  about  1,500  feet  deep,  the  sides  of  which  rise  at 
an  angle  of  about  50°.  The  rock  at  this  point  varies  from  moderately 
fine  to  moderately  coarse,  but  it  is,  nevertheless,  always  holocrystal- 
line.  It  is  massive  and  vertically  jointed,  yet  has  a  distinct  horizon- 
tal bedding,  and  a  little  northeast  of  here  it  seems  to  be  underlain  by 
ash.  It  is  therefore  x>i'obably  effusive.  A  single  specimen  of  this 
rock,  examined  fuicroscopically,  proves  to  be  a  hornblende-biotite- 
quarlz-monzonit^?. 

On  the  mountain  ridge  which  separates  Gabbs  Valley  from  Walker 
Lake  Valley  tlie  lavas  which  dip  eastward  into  the  former  basin  at 
angles  of  10"  or  more,  in  color  gray  or  oxidized  bright  red,  prove  to 
be  biotite-,  hypersthene-,  and  hornblende-aleutites  and  andesites.  On 
all  the  mountains  to  the  north  of  here,  which  were  not  visited,  there 
appeal's  to  be  a  basal  light-gray  or  red  lava,  which  forms  the  highest 
peaks,  underlying  a  dark-brown  or  black  lava  which  forms  the  fringes 
of  the  mountains  and  sometimes  constitutes  a  cone  yet  only  slightly 
defaced. 

Where  the  road  crosses  the  extreme  western  end  of  the  Gabbs  Val- ' 
ley  Range,  overlooking  Walker  Lake,  the  lavas  are  mixed  and  the. 
hills  variegat<»d,  the  colors  being  bright  red,  yellow,  gray,  gi*eenish 
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yellow,  white,  and  black.  In  general  a  light-gray  lava  is  overlain  by 
dense  black  flows.  The  former  proved  to  be  biotite-andesite,  while 
the  latter  is  augite-basalt.  A  little  farther,  biotite-rhyolite  was  found, 
apparently  underlying  the  basalt. 

EXCELSIOR  RANGE. 

The  name  Excelsior  Range  is  applied  to  a  short,  rather  irregular 
group  of  mountains  which  lies  south  of  Walker  Lake,  and,  unlike  the 
most  of  the  ranges  of  this  region,  runs  in  a  general  east- west  direction, 
cutting  off  the  southern  end  of  Walker  Lake  Valley  and  extending 
from  the  southern  end  of  the  Walker  River  Range  eastward  to  Soda 
Springs  Valley.  The  entire  length  of  the  range  is  only  about  30  miles. 
The  main  range  has  to  the  north  of  it  several  high  spurs  which  run 
off  at  right  angles  and  connect  with  a  lower  east- west  ridge  parallel 
to  the  main  one,  farther  north.  To  the  south  also  a  number  of  north- 
south  spui*s  connect  the  Excelsior  Mountains  with  the  Oaudelaria 
Mountains.  The  main  range  is  terminated  on  the  east  by  a  bold 
scarp  overlooking  Soda  Springs  Valley,  corresponding  to  the  west- 
facing  scarp  of  the  Pilot  Mountains  on  the  other  side. 

These  mountains  were  crossed  by  the  writer  on  the  road  between 
Hawthorne  and  Sodaville,  which  leads  through  Excelsior  Flat. 

SEDIMENTARY   ROCKS. 
LIMESTONE  SERIES    (EARLY  TERTIARY?). 

If  one  travels  along  the  above-mentioned  I'oad  from  Walker  River 
Valley  eastward,  he  finds,  after  passing  through  a  belt  of  lava  which 
constitutes  the  foothills,  an  area  of  thin-bedded,  shaly,  sometimes 
compact,  blue  limestone.  This  limestone  is  overlain  by  a  lava  sheet, 
and  near  the  contact  is  baked  and  silicified  to  a  greenish  or  brown 
jasperoid  containing  segregated  nodules  of  silica.  The  stratification 
is  nearly  horizontal,  but  shows  local  contortion  and  horizontal  fault- 
ing, suggested  breaking  and  shoving  by  the  overriding  lava  sheet. 

Near  the  cont.act,  partly  in  the  blue  shaly  limestone,  partly  in  the 
same  rock  transformed  into  jasperoid  by  the  contact  metamorphism, 
were  found  fossils.  Mr.  T.  W.  Stanton,  of  the  National  Museum, 
reports  on  these  as  follows: 

Fossil  lot  No.  46,  from  the  Excelsior  Range,  road  between  Hawthorne  and 
Sodaville,  evidently  represents  two  distinct  beds,  one  a  hard  brown  siliceo-argilla- 
ceons  rock  and  the  other  a  dark-bine  limestone.  The  former  contains  several 
specimens  of  a  Corhula,  another  undetermined  bivalve,  and  a  very  imperfect 
G^asteropod  that  may  be  a  Natica  or  a  Vivajjarus,  the  generic  character  not  pre- 
served. These  are  probably  not  earlier  than  Cretaceous,  and  they  may  be  Tertiary. 

The  blue  limestone  fragments  yielded  a  small  Neritina,  a  Hydrobia  (?),  an 
Astarie  (?) ,  and  several  imperfect  specimens  of  two  or  three  other  small  bivalves. 
These  fossils  have  a  Tertiary  aspect.    They  are  certainly  not  older  than  Cretaceous. 
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In  answer  to  a  query  as  to  the  tH>uditious  of  deposition  indicated  by 
the  fossils  Mr.  Stanton  writ^^s: 

The  foHsilH  in  lot  46  are  either  marine  or  hrackish- water  form,  not  fresh  water. 
If  I  could  be  sure  that  the  bivalve  I  have  called  Astarte  (?)  really  belonged  to  that 
genns  there  would  l)e  no  doubt  that  they  are  marine.  The  other  genera  recog- 
niz(Hl  live  in  IxHh  salt  and  brackish  water. 

To  the  east  this  limestone  forms  a  well-defined  anticline,  with  a 
north-south  axis,  and  with  dips  of  20°  to  30°  on  both  sides.  Still 
farther  east  the  limestone  is  a^ain  overlain  by  the  volcanic  rock 
which  encircles  this  area. 

In  the  bottom  of  Excelsior  Flat,  near  it.s  easU^rn  side,  probably  the 
same  limestone  series  is  found,  but  moi-e  altered  and  crushed  and 
veined  by  dynamic  action.  Bailly  preserved  fossils  were  collected 
from  this  rock,  but  could  not  be  identified. 

The  tliickuess  of  this  limestone  series  was  roughly  estimated  at 
2,(KK)  feet. 

SANDSTONK-SHALK  SERIES    (EARI.Y   TERTIARY   OR   MKSOZOIC?). 

Along  tlie  western  iKji-der  of  Excelsior  Flat  is  found  a  l)elt  of  reil 
sandstone  which  underlies  the  lavas.  This  sandstone  belt  is  contin- 
uous to  the  low  mountains  south  of  here,  where  it  passes  upwanl  into 
a  seri(»s  of  gray  stratified  rocks.  Farther  east  the  sandstone  .series, 
with  the  overlying  gray  rocks,  seems  to  overlie  the  probable  Tertiary 
limestones  which  outcrop  along  tlie  eastern  j)ortion  of  Excelsior  Flat, 
the  older  rock  being  api>arently  the  core  of  an  eaist-west  striking  anti- 
clinal fold,  and  the  sandstone  series  forming  the  northern  limb«  On 
the  southern  limb,  which  comprises  the  main  ridge  of  the  Excehiior 
Mountains,  the  bulk  of  the  rocks  seem,  as  viewed  from  a  distance, 
also  to  l)elong  to  the  stratified  red  sandstone  and  shale  series. 

Following  the  road  farther  east,  the  transverse  spur  which  runs 
northwai-d  from  the  main  ridge  of  the  Excelsior  Mountains  exhibits 
the  same  east-west  striking  anticline.  Along  the  axis  a  canyon  has 
lR»on  cut  through  the  spur,  and  here  are  exposed  red  sandstones,  with 
much  rcni,  yellow,  brown,  and  green  densci  siliceous  shales.  No  fossils 
could  ])e  found.  The  rocks  hei*e  stand,  in  general,  nearly  vertical, 
and  are  crumpled  and  faulted.  South  of  here  the  rocks  have  a 
southerly  dip,  first  steep,  then  shallowing,  while  to  the  north  the 
rocks  behmging  to  the  same  series  have  for  a  considerable  distance  a 
northeily  dip,  which  afterwards  reverses  so  that  a  body  of  underly- 
ing gray  shale,  which  may  lx»long  to  the  probable  Tertiary  limest,one 
series,  comes  into  the  visible  section. 

From  the  data  above  noted,  we  appear  to  have  a  series  of  red  .sand- 
stones and  quartzites,  with  some  shales  and  conglomerates,  having  a 
roughly  estimated  thickness  of  1,500  feet.  The^e  are  overlain  by  a 
series  of  red-gray  sandstones,  shales,  and  conglomerates  about  2,000 
feet  in  thickness,  making  a  total  of  about  3,500  feet.     These  rocks 
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seem  to  overlie  the  probable  Tertiary  limestones  and  are  folded 
together  with  them.  The  exact  contact  of  the  two  series,  however, 
was  not  found.  No  such  sediments  as  this  sandstone-shale  are  known 
in  the  Paleozoic  section,  and  therefore  the  rocks  would,  without  any 
other  consideration,  at  once  l>e  considei-ed  as  Mesozoic  or  Tertiary. 
In  the  region  just  south  of  here  a  series  of  folded  shales  and  tuffs 
has  been  described  by  Mr.  Turner «  under  the  name  of  the  Esmeralda 
formation  and  is  probably  Miocene,  possibly  reaching  back  into  the 
Eocene. 

This  series,  when  observed  by  the  present  writer,  struck  him  as 
resembling  in  a  general  way  the  thin  sajidstones  and  i)arti-colored 
shales  of  the  Excelsior  Range  section,  although  the  latter  are  dis- 
tinctly more  highly  indurated  and  altered. 

Rocks  similar  to  the  sandstone-shale  series  of  Uie  Excelsior  Range 
form  a  large  portion  of  Pilot  Mountain,  just  to  the  east  of  hei-e,  across 
Soda  Springs  Valley.  As  noted  in  the  description  of  the  Pilot  Range, 
Mr.  H.  W.  Turner  found  Jurassic  fossils  in  some  of  these  beds. 

It  is  therefore  not  certain  whether  the  sandstones  and  shales  of  the 
Excelsior  Mountains  are  Tertiary  or  Mesozoic,  aud  tliey  may  be  partly 
one  and  partly  the  other. 

While  the  series  of  tuffs,  sandstones,  shales,  and  conglomerates  of 
the  Excelsior  Range  may  possibly  be  the  equivalent  of  the  somewhat 
similar  strata  of  the  Esmeralda  formation  near  Silver  Peak,  the  lime- 
stone of  the  former  locality  is  not  represented  in  the  latter.  This 
limestone  also  separates  itself  from  the  probable  fresh-water  Esmer- 
alda formation  in  that  its  fauna  denotes  a  probable  jnarine  origin. 
In  this  respect,  also,  it  seems  to  be  different  from  the  rest  of  the  known 
Tertiary  strata,  which  extend  in  a  more  or  less  continuous  belt  from  . 
this  district  south  into  the  Mohave  Desert,  and  the  present  aspect  of 
our  knowledge  indicates  that  it  represents  a  i)eriod  during  which 
conditions  were  quite  different  from  those  which  followed. 

PLIOCENE. 

On  the  western  side  of  Excelsior  Flat  the  lava  is  underlain  by  a 
solid  but  friable  deposit,  consisting  of  ash  and  pumice,  having  the 
appearance  of  being  waterlaid.  This  cx'curs  at  an  elevation  of  about 
5,500  feet.  In  the  valley  below  and  to  the  east  of  this  are  less  con- 
solidated, horizontally  stratified  gravels,  containing  pebbles  of  lava 
and  reaching  up  nearly  to  the  same  elevation. 

On  the  eastern  flanks  of  tlie  Excelsior  Mountains,  overlooking  Soda 
Springs  Valley,  there  was  noted,  at  an  elevation  of  5,250  feet,  hori- 
zontally stratified  gravels  and  volcanic  tuffs,  lying  unconformably 
against  the  folded  Tertiary  series  and  partially  consolidated.  The 
regular  stratification  of  these  deposits  suggests  that  they  are  lake 
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seiliiiients,  and  they  are  probably  to  l)e  correlated  with  similar  sedi- 
ment.s  found  all  over  the  region  north  and  west  of  here,  which  have 
been  calle<l  Plioeene. 

IGNEOUS  ROCKS. 
LAVA. 

Ahnig  the  roa<l  lietwtn^u  Hawthorne  and  Sodaville,  which  passes 
through  Exi^lsior  Flat,  there  is,  on  the  west  Iwrder  of  the  hills,  a  belt 
of  fine-graine<l  lava,  which  forms  broad,  slightly  dissected  mesas.  A 
specimen  of  this  lava  jiroved  to  bt*  pyroxene-olivine-basalt.  It  occu- 
pies a  large  area,  inclosing  the  iKMiy  of  probable  Tertiary  limestone, 
which  it  overlies,  and  towanl  the  east  forms  a  considerable  portion  of 
the  main  ridge  of  the  Excelsior  Mountains,  of  the  spurs  which  run 
north  from  it,  and  Of  the  parallel  east-west  ridge  with  which  these 
spurs  connect.  It  overlies  the  probable  Tertiary  sandstones  and 
shales  and  the  stratifie<l,  water-laid  tuffs  and  gravels  of  the  Pliocene. 
South  of  the  main  range  the  earlier  Tertiary  series  is  again  overlain 
by  slightly  dissected  lava,  and  this  lava  runs  southward  into  the  Can- 
delaria  Mountains,  where  a  prominent  peak  has  the  aspect  of  a 
slightly  denuded  volcani<'  cone. 

The  fact  that  this  lava  overlies  all  the  stratifie<l  rocks,  even  the 
supiK)sedly  Pliocene  gravels,  together  with  its  very  slight  erosion, 
shows  that  it  is  very  young,  probably  early  Pleistocene.  ThecomiH>- 
sition  of  the  lava  lK»ars  out  this  reasoning,  for  it  is  probably  to  be 
corrt»lated  with  the  Pleistocene  basalts  described  in  other  ranges.** 

(mANITlc;   RtK^KS. 

As  seen  fn)m  Excelsior  Flat,  a  considerable  portion  of  the  highest 
part  of  the  Excelsior  Mountains  to  the  southwest  consists  of  gray, 
rugge<i-weathering  granitic  rocks.  At  the  abrupt  eastern  end  of  the 
main  range  the  earlier  Tertiary  sandstone  and  shale  series  is  contorted 
and  apparently  cut  by  granitic  dikes. 

STRUCTURE. 

To  the  north  of  the  main  ridge,  the  general  east- west  valley,  which 
is  in  part  o(*cupied  by  Excelsior  Flat,  seems  to  lie  along  the  axis  of  an 
anticlinal  fold  with  east -west  strike.  The  main  ridge  lies  on  the 
southern  limb  of  this  fold,  while  the  minor  ridge  lying  north  of  the 
valley  and  parallel  to  the  main  one,  is  on  the  northern  limb. 

Northwest  of  Excelsior  Flat  the  area  of  probably  Tertiary  lime- 
stone first  described^  forms  one  of  the  north-south  spurs  which  run 
at  right  angles  to  the  main  range.  The  structure  of  this  spur  is  anti- 
clinal, but  the  strike  of  the  fold  is  north  and  south. 


«J.  E.  Spurr,  Succession  and  relation  of  lavas  in  the  Qreat  Basin  region:  Joor.  Geol.,  VoL 

vni.  p.  «a6. 
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ORES. 

There  has  been  considerable  mineralization  in  the  Excelsior  Moun- 
tains. On  the  west  side,  along  the  road  traveled,  there  has  been 
mineralization  in  the  limestone  near  the  contact  with  the  overlying 
lava.  Farther  east  the  re<l  sandstones  are  found  to  be  bleached  and 
to  contain  disseminated  copper  minerals.  On  the  eastern  end  of  the 
main  range  are  ore  deposits,  associated  with  crumpling  of  the  strata 
and  probably  with  granitic  dikes. 

RESUME. 

The  rocks  of  the  mountains  are  probably  Early  Tertiary  limestones, 
together  with  a  series  of  sandstones  and  shales  with  some  conglomer- 
ates. The  relative  age  of  the  limestones  and  sandstone  shales  is 
uncertain.  These  two  series  were  folded  together.  While  the  main 
folds  trended  east  and  west,  a  minor  set  had  north-south  axes.  At 
about  the  same  time  came  the  intrusion  of  granitic  rocks  as  dikes  and 
larger  masses;  the  ore  deposition  was  also  probably  nearly  contem- 
poraneous. Aft.er  this  came  deep  and  long-continued  erosion,  bring- 
ing about  the  present  topography  and  followed  by  the  formation  of 
the  Pliocene  lake.  Finally  this  lake  receded  and  great  sheets  of 
basalt  were  jioured  out. 

CANDELARIA  MOUNTAINS. 

The  term  Candelaria  Mountains  is  here  applied  to  an  irregular 
group,  reaching  from  the  California-Nevada  State  line  eastward  to 
the  Columbus  Valley.  It  lies  just  north  of  the  Whit^e  Mountain 
range  and  south  of  the  Excelsior  Mountains. 

SEDIMENTARY  ROCKS. 
CAMBRIAN. 

Mr.  F.  B.  Weeks,  who  visited  the  mountains  in  1890,  has  informed 
the  writer  of  the  existence  of  a  considerable  thickness  of  quartzite 
and  limestone  (see  PI.  I).     No  identifiable  fossils  were  found. 

CARBONIFEROUS. 

On  the  road  between  Columbus  and  Candelaria  there  occur  dark- 
gray,  nearly  black,  quartzites,  and  stretched  conglomerates,  with 
some  coarse  sandstones  and  nearly  white  fine-grained  chert.  Mr. 
H.  W.  Turner  has  kindly  supplied  the  writer  with  the  following  note 
concerning  the  discovery  of  Carboniferous  fossils  in  this  rock: 

I  am  indebted  to  William  Qrozenger  for  information  as  to  this  locality,  which 
lies  3  miles  northwest  of  Columbus  by  the  trail  to  Candelaria,  at  an  elevation  of 
about  4,900  feet.    Similar  fossils  also  occur  in  the  gulch  just  north  of  this  point  at 
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an  elevation  of  abont  5,200  feet.  These  fossils  were  referred  to  Mr.  Charles  Schn- 
chert,  of  the  United  States  National  Museum,  who  reports  that  the  collection 
contains  two  Carbonic  species,  a  Productus  and  a  Spirifer,  Both  are  specifically 
undetermined  at  present.  The  Spirifer  (apparently  a  new  species)  belongs  to  the 
S,  cameratus  section,  fossils  recognized  as  characteristic  of  the  Upper  Carbonic 
The  Productus  is  apparently  identical  with  one  from  the  region  north  of  Mount 
Shasta,  in  California,  also  associated  with  Upper  Carbonic  species.  These  forms 
remind  one  more  of  the  Carboniferous  fauna  found  in  the  Shasta  region  than  of 
the  Carboniferous  farther  east. 

EARLIER  TBRTIARIBS. 

Adjoining  the  Carboniferous  rocks  to  the  northeast,  and  probably 
overlying  them  is  a  comparatively  small  area  of  brown,  yellow,  some- 
times purplish,  limy  and  sandy  shales,  argillaceous  fine  sandstones, 
and  thin-bedded  brown  and  yellow  aphanitic  limestones.  This  series 
strikes  N.  65°  E.,  and  dips  65°  NW.  It  is  probably  identical  with 
the  rocks  of  the  Esmeralda  foimation  a  few  miles  to  the  south,  in  the 
southern  end  of  the  Monte  Cristo  Mountains.  At  one  place  the 
upturned  edges  of  the  stratified  rocks  are  overlain  by  a  thin  sheet  of 
siliceous  rock,  so*  glassy  that  the  microscope  does  not  show  its  true 
character,  but  it  is  probably  rhyolite  and  susceptible  of  correlation 
with  the  rhyolite  overlying  the  sedimentary  rocks  in  the  Monte  Cristo 
Mountains. 

PLIOCENE  BEDS. 

At  the  gap  which  separates  the  Pilot  Mountains  from  the  Camde- 
laria  Mountains,  just  north  of  Candelaria,  occur  certain  horizontally 
stratified  clays  and  sands  which  have  already  been  mentioned,  in 
describing  the  Pilot  Mountains,  as  belonging  to  the  group  of  Pliocene 
sediments. 

IGNEOUS  ROCKS. 

Overlying  the  Pliocene  sediments  not  far  north  of  Candelaria,  thin 
sheets  of  oli  vine-basalt  were  found  (Pleistocene).  South  of  here,  over- 
lying the  stratified  beds  of  the  Plsmeralda  formation,  were  found  the 
sheets  of  glassy  rhyolit-e  above  mentioned.  West  of  Columbus  and 
Candelaria,  a  large  part  of  the  range  appears  to  be  composed  of  red 
and  gray  lavas  overlying  and  often  concealing  the  sedimentary  rocks. 
As  seen  from  Sodaville,  the  northern  part  of  this  mountain  group  is 
also  chiefly  volcanic,  the  topography  showing  such  smooth,  mesa-like 
forms,  and  so  little  erosion  that  the  rocks  were  considered  as  probabl}' 
belonging  to  the  Pleistocene  lavas.  A  prominent  peak  in  the  central 
portion  of  the  Candelaria  Mountains  has  the  aspect  of  a  little  denuded 
volcanic  cone.« 

a  These  observations  hare  been  confirmed  by  Messrs.  Turner  and  Weeks,  who  visited  the  range 
separately  the  same  year  as  did  the  writer.  Mr.  Tomer  states  that  the  hills  north  of  Benton 
are  also  all  lavas. 
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WALKER  RIVER  RANGE. 

The  Walker  River,  or  Wassuck,  Range  is  a  straight,  bold  ridge  of 
mountains,  rising  immediately  from  the  west  shore  of  Walker  Lake. 
It  has  a  trend  a  little  west  of  north  and  a  length  of  about  60  miles. 
It  is  separated  on  the  north  from  the  volcanic  Desert  Mountains  by 
the  Walker  River  Valley,  and  on  the  south  it  passes  into  the  irregular 
Excelsior  Mountains.  Throughout  most  of  its  course  the  range  is 
characterized  by  the  comparatively  gentle  slope  of  the  west  side  and  a 
steep  scarp  on  the  east. 

IGNEOUS  ROCKS. 

Almost  all  the  rocks  of  the  Walker  River  Range  are  igneous.  Those 
on  the  steep  eastern  face  are  generally  granular,  and  those  on  the 
west  side  typical  volcanics. 

GRANULAR  ROCKS. 

Just  west  of  the  Indian  agency  at  the  upper  end  of  Walker  Lake, 
the  rock  of  the  mountains  is  chiefly  a  coarse-grained  biotitc-granite. 
Farther  north,  near  the  point  where  the  road  crosses  the  range, 
biotite-granite-aplite,  of  a  distinctly  more  siliceous  variety  than  the 
first,  occurs  in  conjunction  with  great  masses  of  alaskite-aplite. 

On  the  road  which  crosses  the  range,  at  a  point  southwest  of  Haw- 
thorne, the  summit  and  greater  part  of  the  mountain  range  appears 
to  be  also  of  decomposed  biotite-granite.  Between  these  two  locali- 
ties the  granite  is  probably  nearly  or  quite  continuous. 

Underlying  the  biotite-granite,  at  the  point  first  described,  is  a  dark 
rock,  specimens  of  which  proved  to  be  hornblende-quailz-syenite  and 
biotite-homblende-quartz-monzonite.  The  granite  is  shown  by  its 
branching  dikes  to  be  intrusive  into  the  more  basic  rock.  Both  rocks 
are  cut  by  dikes  of  alaskite,  which  grows  very  siliceous  and  runs  out 
in  places  to  nearly  pure  quartz. 

In  the  cream-colored  mountain  of  granite  and  alaskite  around 
which  the  road  turns  in  crossing  the  range,  the  alaskite  is  evidently 
younger  than  the  siliceous  granite,  into  which,  however,  it  passes  by 
transitional  stages  as  regards  its  composition.  The  granite  some- 
times contains  large  feldspar  phenocrysts,  similar  to  those  of  the  rock 
near  Belmont  and  near  Ellsworth. 

At  the  pass  southwest  from  Hawthorne,  the  biotite-granite  which 
occupies  the  summit  of  the  mountains  is  succeeded  farther  east  by 
metamorphosed  igneous  rocks,  probably  altered  by  dynamic  move- 
ments. These  rocks  lie  along  the  face  of  a  bold,  eastward-facing 
scarp.  As  examined  microscopically,  they  consist  of  aposyenite-por- 
phyry,  apogranite,  and  apoalaskite,  with  some  biotite-rhyolite,  which 
may  be  later  than  the  others.  These  metamorphosed  igneous  rocks 
are  confused  with  some  highly  altered  limestones  and  quartzites. 
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LAVAS. 

On  the  west  side  of  the  cream-colored  mountain  which  lies  north- 
west of  the  north  end  of  Walker  Lake,  on  the  road  across  the  range, 
the  granular  rocks,  already  described,  pass  under  and  into  gray  and 
red  volcanics,  which  dip  30°  to  45°  SW.  away  from  the  mountain. 
About  the  point  where  the  granular  rock  gives  place  to  the  evident 
volcanics,  specimens  were  collected,  which  proved  to  be  alaskite- 
porphyry  and  tordrillite,  the  latter  with  a  finely  cryptocrystalline 
groundmass.  Overlying  these  siliceous  rocks  was  found  augite-biotite- 
aleutite.  West  of  this  point,  near  the  summit  of  the  range,  the  prev- 
alent rock  is  biotite-andesite,  containing  many  angular  fragments  of  a 
darker  lava.     Tlie  whole  western  side  of  the  mountains  is  volcanic 

KINEOUS  ROt^KS  SHOWING  TRANSITIONS  OP  TEXTURE. 

In  a  small  butto  (Mason  ButU»)  which  emerges  from  the  Pleisto- 
cene valley  deposits  to  the  west  of  the  northern  part  of  the  Walker 
River  Range,  a  few  miles  south  of  Wabuska,  an  intersecting  series  of 
igneous  rocks  was  studied.  The  butto  presents  the  appearance  of  a 
typical  volcanic  rock,  being  distinctly  and  thinly  bedded  and  of  red 
and  gray  colors. 

Upon  examination  the  rocks  are  found  to  be  in  part  granular  and  in 
part  fine  grained  and  porphyritic,  the  different  textures  alternating 
in  conformable  beds.  Examined  microscopically,  the  coarse-grained 
rocks  are  liornblende-biotitr(?-quartz-diorites,  while  the  fine-grained 
ones  are  hornblende-biotite-quartz-andesites.  The  chemical  composi- 
tion of  the  two  rocks  is  also  nearly  the  same.  Sometimes  the  coarse- 
grained and  the  fine-grained  types  appear  in  the  same  bed,  one 
apparently  being  formed  at  the  same  time  as  th^  other;  generally, 
however,  the  beds  are  separate. 

The  hypothesis  adopted  by  the  writer  is  that  these  rocks  are  the 
roots  of  old  volcanic  flows  which  have  been  exposed  by  the  removal 
of  the  overlying  portions  of  the  lava  through  the  erosion  of  Walker 
River,  in  whose  valley  the  butte  lies.  The  whole  appeal's  to  have 
been  an  igneous  mass  in  process  of  slow  flowage,  some  streaks  of 
which  crystallized  rapidly,  with  the  textui*e  of  true  lavas,  while 
betw(M»n  them  portions  of  the  same  magma  crystallized  more  slowly, 
as  granular  rocks." 

Facts  suggesting  similar  transitions  of  texture  were  noted  within 
the  main  Walker  River  Range,  but  are  not  described  on  account  of 
insufficient  evidence. 

SEDIMENTARY   ROCKS. 
PLEISTOC7ENE. 

Professor  Russell  has  described  the  history*  and  the  sediments  of 
the  Pleistocene  Lake  Lahontau,  an  arm  of  which  occupied  the  valley 

a  For  a  fuller  Htatement  of  this  problem  see  J.  E.  Spurr,  Variations  of  texture  of  certain  Terti- 
ary ij?Tieou8  rocks  iu  the  Great  BaHin :  Jour.  Geol.,  Vol.  IX,  p.  586- 
kJion.  U.  S.  Geol.  Survey  Vol.  XI. 
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of  the  present  Walker  Lake.  The  writer  also  observed  these  sedi- 
ments as  well  as  older  stratified  deposits,  which  reach  higher  up 
in  the  mountains.  The  line  between  the  Pleistocene  and  the  Tertiary 
has  not  been  closely  drawn  in  this  region,  and  probably  a  portion  of 
those  deposits  older  than  the  Lahontan  sediments  are  still  Pleisto- 
cene, but  at  present  the  writer  will  include  under  that  head  only  the 
deposits  of  the  lake  described  by  Russell. 

In  the  valley  of  Walker  Lake  the  depth  of  the  Pleistocene  Lake 
Lahontan  at  its  highest  stage  was  225  feet.  At  the  upper  end  of  the 
present  Walker  Lake  the  elevation  is  4,120  feet  above  sea  level,  which 
would  make  the  surface  of  Lake  Lahontan  at  this  point  4,345  feet. 
At  about  this  altitude,  as  measured  by  the  barometer,  the  writer 
found  a  heavy  terrace,  and  about  20C)  feet  above  this  a  still  heavier 
one,  the  top  of  the  main  terrace  being  about  4,000  feet  high.  These 
terraces  are  constructional  and  show  a  rude  horizontal  stratification. 
They  are  composed  largely  of  gravels  and  huge  l>owlders  from  the 
adjacent  mountains.  At  another  point,  farther  north,  the  altitude  of 
this  same  chief  terrace  was  determined  as  4,675  feet.  On  the  opposite 
side  of  the  valley,  on  the  slopes  of  the  Painted  Mesa  (which  forms 
part  of  the  Desert  Mountains),  corresponding  deposits  may  also  be 
seen,  taking  the  form  of  inclined  slopes  or  ancient  beaches  rather 
than  of  sharply  cut  terraces. 

PRE-LAHONTAN  SEDIMENTS. 

About  100  feet  above  the  heaviest  terrace  just  mentioned  is  a 
lesser  constructional  terrace,  and  about  400  feet  higher  there  is  on 
the  mountains  a  rock-cut  bench  which  is  probably  also  a  water  line. 
This  rock-cut  bench  is  at  an  altitude  of  about  5,100  feet,  or  about  700 
feet  above  the  surface  of  the  ancient  Lake  Lahontan,  while  the  con- 
structional terrace  below  it  is  about  300  feet  above  the  old  surface. 
Crossing  the  southern  end  of  the  range,  coarse,  horizontally  stratified 
material,  consisting  of  little  assorted  volcanic  rock,  is  found  to  the 
summit,  where  it  forms  hills  400  or  500  feet  high,  I'eaching  up  to  an 
altitude  of  al)out  5,730  feet,  or  1,385  feet  above  the  surface  of  Lake 
Lahontan. 

On  the  western  side  of  the  range,  at  the  point  where  the  road  crosses 
due  southwest  from  Hawthorne,  stratified  gravels  are  found  up  to  a 
height  of  7,100  feet.  These  deposits  seem  to  be  water-laid.  They  are 
evidently  pre-Lahontan,  and  if  formed  in  a  lake  occupied  a  body  of 
water  which  was  the  ancestor  of  the  Pleistocene  lake,  but  of  vastly 
greater  dimensions  and  probably  of  longer  life. 

From  reasons  entailed  in  the  correlation  of  these  gravels  with  others 
throughout  the  region  these  deposits  are  provisionally  classified  as 
Pliocene. 

SMITH  VALLEY  RANGE. 

The  name  Smith  Valley  Range  may  be  applied  to  a  low  and  narrow 
mountain  ridge,  which  on  the  north  merges  with  the  Pine  Nut  Range, 
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and  on  the  sonth  sprea^ls  out  broadly  into  a  Beries  of  volcanic  mesas, 
which  connect  farther  south  with  a  spur  of  the  Sierras  north  of  Lake 
Mono.  The  ran|]^e  as  thus  define<l  separates  Mason  Valley,  on  the  east, 
from  Smith  Valley,  on  the  west. 

IGNEOUS  ROCKS. 

Smith  Valley  Ran^e  is  essentially  volcanic.  At  the  northern  end, 
where  it  merges  into  the  Pine  Nut  Range,  specimens  of  the  lava,  form- 
ing comparatively  well-diss<*cted  mountains,  are  found  to  consist  of 
hypersthene  and  biotite-andesite,  with  some  biotite-dacite.  South- 
ward from  here  the  range  is  evidently  volcanic,  but  it  was  not  examined 
closely  except  in  the  region  of  Dalzell  Canyon,  which  separates  the 
southern  part  of  the  range  from  the  Sweetwater  Mountains,  farther 
west. 

In  Dalzell  C'anyon  the  oldest  formation  consists  of  granite  and 
rhyolite,  and  is  altered  and  jointed.  Overlying  this  is  p>T^xene- 
homblende-andesite,  and  still  higher  are  comparatively  slightly  eroded 
mesas  of  more  siliceous  andesitic  rock,  or  homblende-biotite-latite. 

On  the  road  which  cuts  across  the  low  southern  end  of  the  range 
east  of  Sweetwater,  following  the  upper  part  of  the  East  Walker 
River  Valley,  the  siliceous  andesite  and  latite  flows  are  succeeded  on 
the  east  by  more  basic  thin-l)edded  andesitic  or  basaltic  lava,  largely 
glassy.  This  overlies  sands,  clays,  and  conglomerates,  which  will 
presently  l)e  describe<l  as  probably  Pliocene.  It  has  flowed  into  and 
dammed  up  the  valley  eroded  in  the  earlier  lavas.  It  is  therefore  the 
lat<mt  of  all  and  is  probably  Pleistocene.  Farther  east  this  same 
glassy  lava  occupies  a  considerable  area  in  the  bottom  of  the  broad 
Walker  River  Valley,  and  forms  broad  mesas  on  the  flanks  of  the 
Smith  Valley  Range  on  the  west  and  the  Walker  River  Range  on  the 
east,  and,  reaching  around  to  the  south,  forms  a  large  part  of  the  hills 
l)etween  the  Walker  River  Valley  and  Mono  Valley.  At  the  southern 
end  of  Walker  River  Valley,  a  few  miles  north  of  Aurora,  is  a  little- 
defaced  volcanic^  cone  of  red  lava,  which  probably  belongs  to  the  same 
epoch.  This  has  been  called  the  Aurora  Crater  on  the  topographic 
map  accompanying  I*rofessor  Russell's  paper  on  Lake  Mono."  These 
lavas  everywhere  overlie*  the  stratified  gravels  which  occur  in  the 
southern  part  of  the  Walker  Lake  Valley,  in  the  same  manner  as 
already  mentioned. 

South  of  here,  in  the  basin  of  Lake  Mono,  Pmfessor  Russell*  has 
described  various  lavas,  including  hypei*stliene' andesite  verging  upon 
basalt,  and  rhyolite,  which  are  evidently  Pleistocene.  These  lavas 
belong  to  the  same  class  as  those  just  described,  and  seem  to  corre- 
spond with  the  thin  flows  capping  the  Pliocene  gravels  near  Welling- 
ton on  the  Sweetwater  Range,  and  also  to  the  thin  flow  of  basalt  which 
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constitutes  the  latest  volcanic  rock  in  Eldorado  Canyon  in  the  Pine 
Nut  Range;*  but  in  the  district  under  immediate  consideration  we 
have  a  vastly  greater  amount  of  Pleistocene  volcanic  action  than  was 
observed  anywhere  else  in  the  region. 

SEDIMENTARY  ROCKS. 

Just  south  of  Dalzell  Canyon  were  found  well-stratified  arkoses 
and  little- worn  conglomerates,  containing  chiefly  angular  fragments. 
These  seem  to  cover  the  whole  of  a  broad  upland  valley,  to  its  abrupt 
end  at  the  base  of  the  Sweetwater  Mountains,  at  an  elevation  of  some- 
thing over  7,000  feet.  As  one  goes  southeastward  from  here,  passing 
Sweetwater  post-office  and  proceeding  down  the  valley  of  Walker  River 
where  this  cuts  across  the  range,  one  finds,  at  an  elevation  of  6,500 
feet  at  least,  and  below,  well-stratified,  washed,  and  assorted,  hori- 
zontally or  slightly  cross-bedded  sandstones,  arkoses,  and  gravels. 
These  rocks  are  often  firmly  consolidated,  though  friable,  and  resem- 
ble the  sandstones  near  Carson,  as  exposed  at  the  State  prison.*  The 
pebbles  in  the  gravels  are  evidently  derived  from  the  andesite  which 
is  the  main  rock  of  the  Smith  Valley  Range.  Farther  west,  on  the 
slopes  of  the  hills  facing  the  main  Walker  River  Valley,  a  section  of 
these  deposits  100  feet  thick  was  examined.  Near  the  bottom  were 
found  sandy  clays,  which  may  be  in  part  water-laid  volcanic  ash. 
Farther  up  come  hard  gravels,  the  well-rolled  pebbles  comprising 
various  varieties  of  hornblende-  and  mica-andesite.  Above  this  comes 
a  compact  gray  sandstone,  also  made  up  of  volcanic  debris  and  contain- 
ing fragments  of  white  decomposed  pumice.  Capping  the  sedimen- 
tary rocks  and  overlying  them,  with  a  considerable  angle  of  divergence, 
comes  a  thin  sheet  of ^andesitic  or  basaltic  lava  with  glassy  base.  The 
top  of  this  section  has  an  altitude  of  about  6,150  feet.  A  short  dis- 
tance away  from  this  section  the  highest  sandstone  reaches  an  altitude 
of  about  6,350  feet  and  is  exposed  as  a  simple  bench  in  the  mountains, 
the  overlying  lava  having  been  eroded  back  from  it.  Along  the  north- 
ern slopes  of  the  mountains  which  form  the  southern  end  of  the  Walker 
River  Valley,  northwest  from  Aurora,  are  continuous  benches,  the 
best  marked  of  whichi  can  be  little  less  than  7,000  feet  in  height. 
Below  this  are  other  sharp  smooth  benches  of  horizontal  sandstone. 
The  comparatively  recent  volcanic  cone  above  referred  to,  lying  north- 
east from  Aurora,  is  benched  up  to  6,700  or  6,800  feet,  but  not  higher. 
These  terraces  appear  to  grow  somewhat  higher  to  the  south.  The 
whole  valley  here  is  covered  with  the  sandstones  above  described, 
which  have  been  considerably  eroded.  At  least  700  or  800  feet  of  this 
sedimentary  series  is  exposed. 

On  the  road  which  crosses  the  southern  end  of  the  East  Walker 
River  Valley  and  goes  over  the  Walker  River  Range  to  Hawthorne, 
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horizon tftlly  stratified  gravels,  ai)parently  belonging  to  the  same  series 
as  the  sandstones  al)ove  mentioned,  occur,  frequently  overlain  by 
glassy  and  slaggy  andesitic  or  basaltic  lavas,  up  to  a  height  of  7,100 
feet,  where  they  give  way  to  a  fresh  lava,  above  which  all  is  decom- 
posed granite. 

All  these  comparatively  recent  horizontal  sediments  are  provision- 
ally classed  as  Pliocene. 

PINE  NUT  RANGE. 

TOPOGRAPHY. 

The  Pine  Nut  Range  lies  immediately  east  of  the  Sierra  Nevada, 
and  has  much  of  the  l)old  irregular  topography  of  that  range.  As 
contrasted  with  the  mountains  of  the  more  arid  regions  farther  east, 
it  is  distinguished  by  deei)er  dissection,  affording  more  profound 
canyons  and  more  abrupt  cliffs.  The  eastern  face  of  the  range  is 
steep,  the  western  side  in  general  less  abrupt. 

Wherever  this  range  was  visited,  numerous  springs  were  observed, 
and  the  dissection  seemed  to  be  largely  the  result  of  water  derived 
from  these  sources.  The  springs  seem  to  be  arranged,  in  part  at 
least,  along  north-south  lines,  which  are  probably  lines  of  fracture. 
These  lines  are  deeper  than  the  regions  between,  which  stand  up  as 
ridges;  but  whether  these  ridges  are  directly  due  to  displacement,  or 
have  been  left  as  such  by  the  erosion  of  depressions  along  the  lines  of 
spring  water,  is  uncertain. 

On  the  western  side,  between  Dayton  and  Carson,  the  peculiarly 
wild  and  rugged  topography  is  caused  by  the  Carson  River  and  its 
mountain  tributaries  which,  in  late  Tertiary  or  Pleistocene  time,  have 
dissected  the  mountain  and  the  adjacent  plateau- valley. 

IGNEOUS  ROCKS. 

Nearly  the  whole  mass  of  the  range  is  igneous.  The  rocks  were 
studied  principally  along  two  sections,  one  across  the  range  southeast 
from  Dayton  and  the  other  on  the  road  between  Wellington  and 
Genoa. 

In  the  eastern  part  of  the  first-mentioned  section,  in  the  lower 
mountains  which  here  lie  to  the  east  of  the  main  range  and  are  con- 
nected with  the  northern  end  of  the  Smith  Valley  Range,  chiefly 
andesitic  rocks  were  found.  The  andesite  contains  different  ferro- 
magnesian  minerals,  including  hornblende,  augite,  hypersthene, 
bronzite,  and  biotite.  Occasionally  biotite-dacite  or  quartz-andesite 
is  found.  Where  erosion  has  cut  deeply  into  the  lava,  coarser,  denser, 
more  massive,  and  more  porphyritic  forms  are  exposed.  .At  the  bot- 
tom of  one  of  these  canyons  the  lava  is  a  fine-grained  diorite-porphyry, 
while  farther  up  it  is  hypersthene-bronzite-andesite  with  some  dacite. 

Farther  west,  on  the  eastern  scarp  of  the  main  range,  occur  gran- 
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ular  rocks.  These,  when  examined  microscopically,  turned  out  to  be 
homblende-biotite-granite,  sometimes  porphyritic,  and  alaskite.  The 
same  granular  siliceous  rocks  are  exposed  nearly  to  the  summit,  and 
they  occur  also  on  the  western  side  of  the  divide.  Here  they  are 
overlain  by  hornblende-,  augite-,  and  hypersthene-andesites. 

About  halfway  down  the  mountains,  in  Eldorado  Canyon,  where 
the  road  leading  to  Dayton  runs,  there  are  hills  of  gently  folded  grav- 
els and  coarse  clays,  the  gravels  being  derived  almost  entirely  from 
the  andesites.  They  are  exposed  best  in  the  arroyos,  where  they  are 
overlain  unconformably  by  8  or  10  feet  of  stratified  bowlders  and  soil, 
which  represent  the  recent  stream  accumulations.  Farther  down  the 
canyon  is  a  volcanic  breccia  with  rounded  andesite  bowldere,  prob- 
ably water-laid.  This  breccia  is  followed  by  thin  flows  of  slaggy  white 
lava,  which  contains  numerous  included  angular  fragments  of  andes- 
ite; these  flows  are  interbedded  with  ash.  The  present  canyon  has 
been  worn  down  through  this  breccia,  ash,  and  porous  white  lava 
deposit.  In  several  places  a  thin  sheet  of  basalt  has  been  poured  out 
after  the  development  of  the  present  topography  (fig.  8).     This  sheet 


Pig.  8.— Section  of  Eldorado  Canyon,  Pine  Nnt  Rangre. 
1.  Stratified  rhyolite  ash.  2.  Basalt. 

also  occupies  the  tops  of  some  of  the  neighboring  hillocks,  which  have 
been  separated  from  one  another  by  erosion  subsequent  to  the  last 
volcanic  outbursts. 

In  the  canyon  of  the  Cai*son  River,  a  few  miles  southwest  of  Dayton, 
the  stream  has  cut  down  400  to  800  feet,  exposing  lavas  like  those  in 
Eldorado  Canyon.  The  uppermost  of  these  flows  is  a  white,  little- 
compacted  rhyolite,  while  beneath  it  are  large  masses  of  a  rock  recog- 
nized in  the  field  as  lava,  which  on  microscopic  examination  appears 
to  be  monzonite-porphyry.  This  is  perhaps  a  coarser  variation  of 
andesite. 

Between  Dayton  and  Wellington  the  Pine  Nut  Range  is  mainly 
igneous.  The  central  ridge  has  a  massive  aspect  in  general,  and  is 
probably  made  up  of  the  granitic  rocks. 

Where  the  road  between  Genoa  and  Wellington  crosses  the  range, 
homblende-biotite-andesites  occur  on  the  western  slopes.  As  in 
Eldorado  Canyon,  the  whole  system  of  gulches  has  been  cut  in  this 
lava. 
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Near  the  Bummit  of  the  low  pass  on  this  road  were  fonnd  cliffs  of 
a  dense,  massive,  volcanic  breccia  with  horizontal  bedding  and  con- 
taining pebbles  of  rhyolite  only.  Some  distance  farther  up,  appar- 
ently belonging  to  the  same  series  as  the  breccia,  was  found  an  ancient, 
apparently  water-laid  tuff,  which  microscopic  examination  shows  to 
be  rhyolitic,  with  above  it  a  bed  of  coarse  volcanic  grit,  and  still 
higher  a  bed  of  volcanic  conglomerate  with  large  well-rounded  pebbles 
of  biotite-rhyolite  and  a  matrix  derived  from  the  same  rock.  A  short 
distance  farther  the  rocks  from  which  these  detritals  are  derived  were 
found  in  place  in  a  hill  to  the  north  of  the  valley  and  to  the  east  of 
the  pass.  This  rock  shows  many  and  great  variations,  passing  from 
a  fine-grained  aphanitic  rhyolite  to  coarse  granite  and  alaskite,  and 
these  variations  are  arrange<l  in  thin  bands. 

These  are  easentially  quartz-feldspar  rocks,  generally  containing 
biotite.  They  comprise  biotite-rhyolite,  fine-grained  granite-porphjTy, 
medium-grained  biotite-granit(s  coarse-grained  alaskite  and  granite- 
aplite,  and  one  specimen  was  a  fine-grained  quartz-raonzonite-porphyry. 
Those  different  varieties  present,  textii rally  and  structurally,  almost 
perfect  transitions  from  one  to  another,  ranging  from  coarse  granites 
through  the  granite-aplites  and  porphyries  to  the  rhyolite,  and  the 
development  of  the  different  structures  from  the  fine-grained  rhyolite 
is  very  clear  and  instructive.  Only  one  band  was  found  which  did 
not  belong  to  the  general  granitic  series.  This  was  a  band  of  dark- 
green  slaty  rock,  which,  wlien  examine<l,  proved  to  be  probably  hom- 
blende-andesite;  yet  this  rock  does  not  appear  to  be  intrusive,  but 
to  form  a  band  or  streak  probably  contemporaneous  with  the  more 
siliceous  rocks. 

West  of  this  old  granit^-rhyolite  area,  andesite  comes  in  above  it 
again,  of  the  same  kind  as  before.  Where  it  has  been  deeply  eroded 
a  coarser  textural  type  is  exposed;  for  example,  the  hornblende- 
andesit^  with  cryptocrystalline  groundmass,  which  represents  the 
rocks  near  the  surface,  gives  way  in  some  deei>er'cuts  to  hornblende- 
andesite  with  granular  groundmass,  which  is  transitional  to  horn- 
blende-d  iori  te-porphy  ry . 

SEDIMENTARY   ROCKS. 
TRIASSIC  LIMESTONE. 

Southeast  of  Dayton,  limestone,  in  extremely  scanty  outcrops,  just 
visible  beneath  the  overlying  volcanics,  was  found  on  both  sides  of 
the  range.  On  the  eastern  side  the  limestone  is  massive,  dark-blue 
and  sometimes  siliceous.  Its  laminae  are  vertical,  although  they  may 
result  more  from  shearing  than  from  stratification.  It  is  cut  by 
andesite  dike^.  On  the  western  side  of  the  mountain,  in  Eldorado 
Canyon,  the  limestone  is  also  blue  and  siliceous,  changing  to  shaly 
and  carbonaceous.     It  is  crushed  and  seamed,  but  appears  nearly 
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horizontal.     The  shaly  limestone  contains  nearly  obliterated  fossils, 
upon  which  Mr.  T.  W.  Stanton  comments  as  follows: 

The  collection  ♦  ♦  ♦  yielded  only  fragments  and  impressions  of  a  Pecten 
and  a  8i)ecimen  that  appears  to  be  part  of  an  Ammonite,  These  are  Mesozoic  and 
probably  Triassic. 

This  locality  is  probably  the  same  as  that  mentioned  by  Whitney^ 
as  having  yielded  the  Triassic  fossil  Ooniatites  hevidorsatus  Ilauer. 

This  Triassic  limestone  is  probably  to  be  correlated  with  King's 
Triassic  Star  Peak  limestone.* 

In  the  Pine  Nut  Range  the  limestone  is  probably  older  than  the 
granitic  rock  which  forms  the  main  range,  between  its  two  outcrops, 
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Fio.  9.— Sketch  soction  of  wall  of  arroyo  in  bottom  of  Eldorado  Canyon,  Pine  Nnt  Rantiro. 

1.  Gravels  (pebbleH  mostly  andesite)  with  (*/»rfle  clays)  (Plio- 

cene—Shoshone  lakeRedimentj<?).    Tilting  probably  local. 

2.  Stratified  bowlders  and  earth  (Pleistocene). 

for  it  contains  no  granitic  detritus.     The  granite  must  have  burst  up 
through  the  limestone  in  a  great  belt. 

PLIOCENE  DEPOSITS. 

On  the  west  flanks  of  the  mountains  above  Dayton,  as  already 
described,  there  are  found  some  hardened,  well-stratified  gravels 
and  clays,  derived  from  the  andesites,  and  overlain,  often  u  neon  form- 
ably,  by  stream  gravels  (fig.  9).  They  have  the  appearance  of  having 
been  deposited  in  moving  water,  but  this  aspect  may  well  have  resulted 
from  current  action  in  a  stable  water-lxxly.  On  the  face  of  the  range 
just  east  of  Dayton  there  is  a  rough  inclined  plane  running  up  to  a 
height  of  6,00()  feet  and  terminating  in  obscurer  benches.  Above  this 
termination  the  mountain  rises  sharply  and  steeply,  as  may  be  seen 
on  the  Carson  topographic  sheet  published  by  the  U.  S.  Geological 
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Survey.  The  appi*oxiiuately  liorizontal  upper  limit  of  the  plane  sug- 
gests lake  action,  and  the  older  gravels  and  clays  in  Eldorado  Canyon 
strengthen  the  idea.  At  Dayton  Professor  Russell"  has  placed  the 
limit  of  one  of  the  bays  of  Lake  Lahontan  at  an  elevation  of  4,375 
feet.  The  above-mentioned  bench  is,  therefore,  1,625  feet  above  the 
uppermost  limit  of  the  Pleistocene  lake.  Southward  from  Dayton 
the  leveled  plane  was^  not  observed,  and  it  is  probable  that  some  of 
the  lavas  which  here  form  the  mountain  flanks  were  laid  down  in  the 
lake  period  and  so  (»overed  the  plane  or  prevented  its  erosion. 

In  the  plateau  valley  Ix^tween  Dayton  and  Carson  there  occur 
stratified  clays  and  coarse  gravels,  at  heights  of  several  hundred  feet 
above  the  I^leistocenc*  Lake  T^hontan.  Near  Carson  there  occurs  a 
hardened  sandstone  or  granitic  arkose,  which  is  well  exposed  at  the 
State  prison.  The  rock  here  contains  plant  remains  and  occf^ional 
fresh-water  shells.  One  of  these  shells  submitted  to  Dr.  W.  H.  Dall 
was  determined  as  Anodonia^  belonging  to  a  recent  species  found 
living  in  California.  Dr.  Dall  adds  that  the  species  may  be  older 
than  the  Pleistocene,  since  the  genus  goes  back  as  far  as  the  Eocene; 
but  that  since  the  genus  is  so  easily  affected  by  environment,  the  same 
species  is  rarely  found  in  more  than  two  horizons.  Excavations  in 
this  rock  at  the  State  prison  have  brought  to  light  layers  covered  with 
footprints  of  the  extinct  elephant  and  other  mammals  and  birds.  On 
the  hill  south  from  the  prison  there  is  benching  up  to  a  height  of  4,850 
feet.  The  same  sandstone  as  shown  at  the  State  prison,  but  some- 
>\hat  looser  and  more  friable,  occui*s  west  of  Carson  at  the  foot  of  the 
Sierras.* 

South  of  this  point,  along  the  face  of  the  range,  there  is  a  belt  of 
low  hills  often  covered  up  hy  the  Pleistocene  detritus,  but  consisting, 
when  exi)osed,  of  stratified  sands  and  gravels.  On  the  western  face 
of  the  Pine  Nut  Range,  southward  from  Carson,  there  is  generally 
visible  a  distinct  line  in  the  topography  at  about  6,000  feet,  below 
which  the  slopes  are  gentler  and  above  which  the  mountains  are 
st<^epf»r  and  more  rugged.  Along  the  road  which  crosses  the  range 
from  Genoa  to  Wellington  stratified  sands  and  gravels,  carrying  well- 
rounded  pebbles,  oc(*ur  in  hills  covering  the  gently  inclined  plain  at 


«Mon.  U.  S.  Gool.  Survey,  Vol.  XI,  PI.  XLVI. 

I*  After  writing  tho  above  description  the  writer  found  that  the  locality  had  been  already 
better  described  by  Professor  Lo  Conte  and  others.  He  lets  his  own  deecription  stand  only  to 
show  how  indei)endent  olwervations  have  led  to  similar  conclusions. 

I^rofessor  Le  Conte  (On  certain  remarkable  ti-acks,  found  in  the  rocks  of  Carson  quarry:  Proc. 
Cal.  Acad.  Sci.,  Aug.  27, 188:i)  de8cril)e8  a  few  fresh- water  fossil  shells  of  species  still  living  in  the 
vicinity.  Among  the  vertebrate  remains  are  fragments  of  tusks  and  molars  of  an  elephant,  and 
molars  and  fragments  of  jaws  containing  molars  of  two  species  of  horse. 

Concerning  tho  age  of  the  l)eds  he  concludes  that  if  not  Quaternary,  they  can  not  be  earlier 
than  Upper  Pliocene  passing  into  Quaternary.  He  also  suggests  that  they  are  ixwaibly  dejKisits 
of  King's  Lake  Shoshone,  and  not  Lake  Lahontan. 

Professor  Le  Conte  observed  that  the  level  at  this  locjility  is  840  feet  higher  than  the  upper- 
most shore  line  of  the  Pleistocene  Lake  Lahontan,  which,  moreover,  did  not  extend  so  far  west 
as  Carson. 
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the  base  of  the  steeper  mountains.  These  hills  are  considerably 
eroded.  Near  the  mountains  the  pebbles  are  larger,  and  in  crossing 
the  range  the  stratified  deposit  stops  at  6,000  feet  precisely,  above 
which  the  rocks  are  bare.  Below  the  uppermost  gravels  are  benches 
in  the  detritus  and  in  the  lava  on  which  the  detritus  lies.  These 
benches,  as  well  as  the  canyon  of  the  Carson  River  at  this  point,  seem 
to  have  been  cut  during  the  recession  of  the  lake  to  which  the  gravels 
owe  their  origin,  and  whose  uppermost  shore  line  was  at  the  6,000-foot 
cut.  On  the  western  side  of  the  range  there  is  also  a  pronounced 
scarp  above  the  6,000-foot  contour,  and  beneath  this  stratified  gravels 
constitute  the  foundation  of  the  valley  between  the  Pine  Nut  Range 
and  the  northern  end  of  the  Sweetwater  Range. 

The  uniform  and  general  distribution  of  these  water-deposited 
gravels  and  sands,  up  to  about  6,000  feet,  and  the  horizontal  groin  which 
occurs  on  the  mountains  about  the  same  height,  suggest  that  the 
deposits  were  laid  down  in  a  lake,  which  had  its  surface  at  its  time  of 
maximum  extension  at  the  altitude  above  mentioned.  That  the  lake 
was  older  than  the  Pleistocene  is  shown  by  the  fact  that  the  Pleisto- 
cene Lake  Lahontan  reached  an  altitude  of  only  4,375  feet.  The  indu- 
ration of  the  sediments  of  this  higher  lake,  as  seen  in  the  sandstone 
of  Carson,  also  points  to  a  greater  age;  and  tlie  great  amount  of  sub- 
sequent wosion,  illustrated  in  the  carving  of  the  canyon  of  Carson 
River,  indicates  that  the  maximum  extent  of  the  lake  was  at  a  period 
which  was  removed  from  the  period  of  maximum  extension  of  Lake 
Lahontan  by  a  time  interval  much  longer  than  from  the  latter  period 
to  the  present  day.  On  the  whole  the  deposits  of  this  older  lake  will 
be  considered  late  Pliocene. 

SWEETWATER   RANGE. 

The  Sweetwater  Range  may  be  considered  as  the  southern  prolonga- 
tion of  the  Pine  Nut  Range,  from  Vhich  it  is  separated  by  the  valley 
of  the  West  Walker  River,  at  Wellington.  It  is  also  a  spur  of  the 
Sierras,  into  which  it  passes  at  its  southern  end. 

TOPOGRAPHY. 

The  Sweetwater  Mountains  are  high  and  rugged  for  the  most  part, 
with  bold  peaks  and  cliflPs.  The  eastern  face  of  the  northern  part  of 
the  range,  from  Wellington  southward  to  Desert  Creek,  is  steep  and 
straight.  Southwest  of  Wellington  the  West  Walker  River  has  cut  a 
deep  canyon  along  the  face  of  the  range,  below  the  level  of  the  broad 
desert  valley  separating  it  from  the  Pine  Nut  Range.  On  the  road 
from  Wellington  t-o  Sweetwater,  the  Sweetwater  Range  is  separated 
from  the  Smith  Valley  Range  on  the  east  by  the  deeply  cut  Dalzell 
Canyon. 
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IGNEOUS  ROCKS. 
POST-PLIOCENE  BASALTIC  LAVA. 

The  jjravols  and  sands  which  occur  in  the  valley  separating  the 
northern  end  of  the  Sweetwater  Range  from  the  Pine  Nut  Range 
belong  to  the  ancient  sediments  which  have  already  been  provisionally 
classifieil  as  Pliocene.  Along  the  canyon  of  the  West  Walker  River^ 
a  short  distance  southwest  of  Wellington,  there  occur  in  places  sheets 
of  columnar  basaltic  lava,  overlying  the  gravels.  This  is  probably 
nearly  contemporaneous  with  the  basalt  in  Eldorado  Canyon,  of  the 
Pine  Nut  Range. 

LATE  RHYOLITIC  LAVA. 

The  highest  portion  of  the  Sweetwater  Range,  just  west  of  the  post- 
oflSce  at  Sweetwater,  is  distinguished  by  the  brilliant  light-gray,  yellow, 
and  red  which  its  rocks  assume  on  weathering.  These  rocks  all  seem 
to  l>e  gray,  essentially  fine-grained,  thin-bedded  surface  volcanics. 
They  were  not  examined  in  place,  but  a  typical  specimen  selected  from 
the  blocks  derived  from  this  mountain  pmves  on  chemical  analysis  to 
bo  very  siliceous  rhyolite^  or  tordrillite.* 

LATE  ANDESITE  AND  LATITE. 

In  the  same  canyon  as  above  mentioned  (near  Wellington),  there 
occurs,  l)eneath  the  rolled  gravels,  stratified  ash,  dipping  northwest 
away  from  the  mountains.  Below  this  ash  occurs  lava,  through  which 
also  the  river  has  cut.  There  are  two  distinct  flows,  the  lower  of 
which  has  a  perfect  columnar  jointing,  while  the  upper  one  is  often 
brocciated  and  rests  upon  the  apparently  eroded  surface  of  the  lower. 
The  rock  of  the  lower  flow,  microscopically  examined,  proves  to  be 
bronzite-andesite,  that  of  the  upper  one  hornblende-biotite-latite. 
The  uppermost  of  these  flows  has  been  deeply  weathered,  and  has 
been  displaced  by  a  fault,  which  is  subsequent  to  the  weathering. 

The  andesite  is  of  the  same  composition  as  the  ancient  andesite 
which  forms  the  greater  part  of  the  range,  but  its  association  with 
brecciiis  and  gravels  stamp  it  as  being  younger  than  the  main  mass 
and  inti*rmediate  between  it  and  the  latite. 

In  Dalzell  Canyon  are  coarse  volcanic  breccias,  with  thin  inter- 
banded  flows,  all  dipping  at  moderate  angles  irregularly.  A  specimen 
frcmi  a  hard  bowlder  in  the  breccia  is  hornblende-bronzite-andesite. 
These  breccias  and  thin  flows  are  probably  younger  than  the  massive 
andesite  of  the  main  range.     They  are  very  likely  of  about  the  same 


n  Dr.  H.  W.  Fairbanks  (Am.  Geol.,  Vol.  XVU,  p.  152)  mentions  a  rock  In  Ferris  Canyon,  in  the 
Sweetwater  Range,  which  is  probably  the  same  as  that  above  described. 

''Tordnllite  is  propost»d  as  the  fine-grained  equivalent  of  alaskite,  and  differs  from  rhyolite  in 
being  in  general  more  siliceoas  and  containing  no  essential  ferromagnesian  minerals.  See  J.  E. 
Spurr,  Classification  of  igneous  rocks  according  to  composition:  Am.  (^eol.,  Vol.  XXV,  1900,  p.SlO^ 
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age  as  the  breccias  in  Eldorado  Canyon,  in  the  Pine  Nut  Range, 
which  they  resemble  exactly. 

Just  south  of  the  post-officje  at  Sweetwater  similar  homblende- 
bronzite-andesite  comes  in,  overlying  the  ancient  rhyolite  series.  This 
is  of  the  same  general  age  as  the  breccias  in  Dalzell  Canyon. 

EARLIER  ANDESITES. 

Most  of  the  Sweetwater  Range  to  the  north  of  the  high  gray  rhyo- 
litic  peaks  above  described  is  of  red,  deeply  eroded  lava.  Near  Well- 
ington, and  at  the  northern  end  of  Desert  Creek,  specimens  of  this 
lava  proved  on  examination  to  be  hornblende-bronzite-andesite. 

The  main  mass  of  hornblende-pyroxene-andesite  forming  the  bulk 
of  the  Sweetwater  Range  is  older  than  the  thin  flows  and  breccias 
previously  described.  The  later  andesites  are  closely  associated  with 
gravels  which  were  chiefly  derived  from  the  erosion  of  the  earlier 
andesite. 

EARLIER  RHYOLITE. 

Just  below  Sweetwater  there  out<;rops  a  gray  lava  which  has  some- 
what the  aspect  of  a.  pyroclastic  breccia.  A  si)ecimen  proves  to  be 
rhyolite,  with  a  microcrystalline  granular  groundmass,  and  contain- 
ing small  fragments  of  a  gray  basic  lava  free  from  quartz.  This  rock 
is  of  exactly  the  same  type  as  one  examined  from  the  banded  granite- 
rhyolite  series  in  the  Pine  Nut  Range,  on  the  road  between  Genoa 
and  Wellington.  At*  Sweetwater,  also,  this  lava  has  an  ancient 
appearance.  It  has  a  pronounced  jointing,  or  sheeting,  in  two  direc- 
tions, at  right  angles  to  one  another,  one  striking  N.'70°  E.  and  dip- 
ping 70°  SE.,  and  the  other  dipping  70°  NE.  This  rhyolite  is  over- 
lain by  hornblende-bronzite-andesite. 

GRANITIC  ROCKS. 

Along  the  eastern  side  of  the  northern  portion  of  the  Sweetwater 
Range,  south  of  Wellington,  there  is,  back  of  the  main  scarp,  a  second 
scarp  composed  of  gray  and  mtissive  rocks.  In  the  bottom  of  the 
valley  east  of  here  are  rolled  pebbles  and  bowlders  of  granular  and 
porphyritic  granitic  rocks.  As  one  goes  southward  from  here  he  may 
trace  the  scarp  of  gray  rocks  into  Desert  Creek  Canyon,  which  seems 
to  be  cut  in  similar  rocks,  and  the  uppermost  portion  of  Desert  Creek 
Peak  is  seen  to  be  of  the  same  material.  Just  east  of  Desert  Creek 
Peak,  at  Wileys,  granite  actually  outcrops,  beneath  hornblende- 
bronzite-andesite.  The  granite  is  in  part  coarse  and  porphyritic, 
containing  large  feldspars,  which  have  inclusions  of  dark  minerals, 
and  is  of  the  same  variety  as  noted  at  Belmont,  Ellsworth,  and  on 
the  eastern  face  of  the  Pine  Nut  Range,  southeast  from  Dayton. 
There  is  also  some  nonporphyritic  granite,  and  some  containing  few 
dark  minerals,  and  so  verging  on  alaskite* 
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The  granitic  rocks  have  been  decomposed  to  a  depth  of  many  feet, 
so  that  no  si)ecimen8  could  l)e  collected.  This  decomposition  occurred 
before  the  eruption  of  the  andesite,  for  this  hiva  is  fresh  where  it 
overlies  the  rotten  granite.  The  period  sufficient  for  this  decomposi- 
tion is  considerable,  and  it  must  have  been  preceded  by  a  long  period 
of  erosion,  which  exposed  the  granite. 

In  the  valley  drift  above  noted  there  was  found,  besides  granite, 
specimens  of  porphyritic  siliceous  rock,  transitional  between  granite 
and  rhyolit«.  It  is  possible  that  the  granite  and  the  rhyolite  at 
Sweetwater  may  be  of  nearly  the  same  age  and  may  be  correlated  with 
the  ancient  granite-rhyolite  series  of  the  Pine  Nut  Range. 

SEDIMENTARY   ROCKS. 
PLIOCENE  DEPOsrrs. 

The  valley  which  separates  the  northern  end  of  the  Sweetwater 
Range  from  the  adjacent  Pine  Nut  Range  is  covered  with  bedded 
gravels,  through  which  West  Walker  River  has  cut  a  Pleistocene 
canyon.  Besides  the  rolled  gravels,  which  are  largely- deri veil  from 
the  andesite  of  the  mountains,  there  are  some  beds  of  stratified  ash. 
Across  the  range  from  here,  the  foot  of  the  main  scarp  north  of  Desert 
Creek  ends  in  a  sloping  plain  at  an  elevation  of  6,000  feet;  and  in  the 
valley  below  this  the  deposits  consist  of  rolled  gravels  similar  to 
those  exposed  in  Walker  River  Canyon. 

South  of  Dalzell  Canyon  and  east  of  the  highest  peaks  of  the  Sweet.- 
water  Range  is  a  broa<l,  gently  sloping  valley,  several  miles  across, 
reaching  back  to  the  Sweetwater  Mountains,  which  rise  sharply  from 
it  at  an  altitude  of  about  7,000  feet.  The  surface  of  this  valley  is 
smooth,  and  slight  cnt«  in  it  show  a  stratified  deposit  of  arkose  and 
angular  fragmentjs  of  lava." 

All  these  deposits  are  i)rovisionally  referred  to  the  Pliocene. 

RESUME. 

I^robably  the  oldest  rocks  of  the  range  are  a  series  of  granites  and 
ancient  rhyolites,  which  were  perhaps  contemporaneous.  They  have 
been  jointed  by  dynamic  action,  and  are  deeply  decomposed. 

The  succeeding  geologic  formation  was  a  hornblende-pyroxene- 
andesite,  which  was  poured  out  in  great  masses  over  the  underlying 
siliceous  mountain  core.  Subsequent  to  this,  the  andesite  was  deeply 
eroded,  and  probably  a  lake  was  formed.  The  material  derived  from 
the  erosion  of  the  andesite  and  of  the  underlying  siliceous  rock  was 
spread  out  in  the  valleys  as  gravels. 

During  this  erosion  periml  thin  sheets  of  andesite  similar  to  the 
main  mass  were  poured  out. 


a  See  description  of  Smith  Valley  Range,  p.  119. 
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Later  tliau  this,  but  also  probably  while  the  lak^  still  existed,  a 
more  siliceous  lava,  which  has  been  classified  as  hornblende-latite, 
was  poured  out  in  comparatively  thin  sheets.  The  rhyolites  or  tor- 
drillites  of  the  highest  portion  of  the  range  were  probably  poured  out 
at  approximately  the  same  period,  so  far  as  we  can  judge  from  the 
amount  of  erosion. 

The  shrinking  of  the  lake  exposed  to  erosion  those  lavas  which  had 
been  poured  out  in  it,  and  the  present  stream  canyons  were  cut  in  the 
lake  sediments  and  the  lavas.  At  the  same  time  thin  sheets  of 
basaltic  lava  were  locally  erupted. 

At  the  southern  end  of  the  Sweetwater  Range  there  appears  to  have 
occurred,  subsequent  to  tlie  retreat  of  the  lake,  a  local  uplift,  which 
has  elevated  the  lake  sediments  and  shore  lines  1,000  feot  above  the 
same  sediments  in  the  regions  north  of  here. 

VIRGINIA  RANGE. 

The  Virginia  Range  lies  next  east  of  the  Sierras  and  north  of  Car- 
son. It  is  separated  on  the  south  from  the  Pino  Nut  Range  by  a  narrow 
plateau  valley,  in  which  Carson  River  has  cut  a  Pleistocene  canyon. 
The  range  rises  abruptly  from  the  plains  at  its  base,  and  is  high  and 
rugged.  The  northern  portion  wa^s  examined  by  the  geologists  of  the 
Fortieth  Parallel  Survey,  and  the  geology  of  this  part  is  represented 
on  map  5  of  the  atlas  accompanying  that  report.  In  the  southern 
part  of  tlie  range  is  the  famous  Comstock  lode,  and  in  this  vicinity 
the  geology  has  been  studied  in  detail  by  King,  Becker,  and  others. 

IGNEOUS   ROCKS. 

With  one  or  two  unimportant  exceptions,  the  Virginia  Range  is 
made  up  entirely  of  igneous  rocks.  These  were  thoroughly  studied 
b}'  Dr.  Becker,^  and  later  were  made  the  subjecttof  a  critical  study 
by  Messrs.  Hague  and  Iddiugs.* 

The  igneous  rocks  consist  partly  of  rocks  with  porphyritic  structure 
and  fine-grained  or  glassy  groundmass,  partly  of  those  porphyritic 
rocks  whose  groundmass  is  comparatively  coarse,  and  partly  of  typical 
granular  rocks.  At  first  these  rocks  of  different  structures  but  simi- 
lar composition,  were  described  as  distinct  from  one  another  and  of 
different  ages,  but  Hague  and  Iddings  considered  that  the  structures 
above  enumerated  occur  in  the  same  eruptive  bodies,  the  liner-grained 
structures  having  occurred  at  or  near  the  surface,  while  the  coaraely 
granular  ones  are  typical  of  the  core  of  the  mountain,  now  made 
accessible  by  the  deep  mine  worlcings.  These  conclusions  were  after- 
wards contested  by  Dr.  Becker. 


a  Geology  of  the  Comstock  lodo  and  the  Washoe  district:  Mon.  U.  8.  Geol.  Survey  Vol.  HI. 
Also  California  Acad.  Sci.,  Bull.  0, 1886. 

b  On  the  development  of  crystallization  in  th«  igneotm  rocks  of  Washoe,  Nevada:  Bull.  U.  8 
Qeol.  Survey  No.  17. 

Bull.  208—03 9 
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According  to  Dr.  Becker,  the  succession  of  igneous  rocks  in  this 
district  is,  beginning  with  the  oldest: 

Granite,  metamorphics,  granular  diorites,  porphyritic  diorites, 
quartz-porphyry,  porphyritic  diabase,  later  diabase  (black  dike), 
earlier  hornblende-andesite,  augite-andesite,  later  homblende-ande- 
site,  basalt. 

The  succession,  according  to  Hague  and  Iddings,  is  as  follows: 

1.  Pyroxene-homblende-andesite  (in  its  ooarser  inner  portionB  becoming 

pyroxene-homblende-diorite-porphyry   and   pyroxene-homblende^o- 
rite). 
Period  of  volcanic  rest  and  denudation. 

2.  Homblende-mica-andesite. 

3.  Dacite. 

4.  Rhyolite. 

5.  Pyroxene-andesite. 

6.  Basalt. 

All  these  igneous  rocks  are  considered  by  Hague  and  Iddings  as 
Tertiary,  but  they  have  been  divided  into  Tertiary  and  pre-Tertiary 
by  Becker  and  others. 

SEDIMENTARY   ROCKS. 
ANCIENT  LIMESTONES. 

Mr.  Becker «  described  near  Virginia  a  small  area  of  distinctly 
stratified  rocks,  consisting  of  limestones  and  greatly  metamorphosed 
micaceous  schists.  No  fossils  were  found.  They  are  perhaps  similar 
to  the  Triassic  limestones  found  a  few  miles  south  of  here,  in  the 
Pine  Nut  Range  near  Dayton.     (See  p.  207.) 


aMon,  U.  S.  Oeol.  Survey  Vol.  lU,  p.  190. 
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CHAPTER  III. 
RANGES  OF  SOUTHERN  NEVADA. 

VIRGIN  RANGE. 

The  Virgin  Range  is  just  within  the  eastern  limit  of  the  folded 
strata  of  tlie  Basin  ranges  and  west  of  the  nearly  horizontal  rocks  of 
the  Colorado  Plateau.^  According  to  Dutton,*  the  exact  boundary 
between  these  two  provinces  is  the  Grand  Wash,  the  valley  which 
lies  immediately  east  of  the  Virgin  Range.  In  this  valley  is  a  heavy 
fault  with  downthrow  to  the  west.     Dutton  says: 

This  fault  is  the  boundary  of  the  Grand  Canyon  district  and  of  the  Plateau 
country  itself.  The  region  beyond  is  a  Sierra  country,  with  the  same  character- 
istics as  the  Great  Basin  of  Nevada  and  western  Utah. 

SEDIMENTARY  ROCKS. 

PRE-TERTIARY. 

According  to  Marvine  ^  the  rocks  exposed  in  the  main  body  of  the 
Virgin  Range  present  the  same  general  sequence  as  is  shown  in  that 
portion  of  the  range  cut  by  the  Colorado  River.  The  fundamental 
rocks  are  Archean  gneisses,  schists,  granites,  etc.,  overlain  b}'  Cam- 
brian rocks,  which  in  turn  are  clipped  by  a  great  thickness  of  Carbon- 
iferous rocks  of  the  Red  Wall  and  Aubrey  groups.  At  the  extreme 
northern  end  of  the  range,  east  of  Beaver  Dam  Wash,  an  area  of  red 
8andstx)nes,  supposed  to  be  Triassic,  although  no  fossils  were  found, 
has  been  mapped  by  the  geologists  of  the  Wheeler  Survey,^  but  is  not 
included  in  the  map  accompanying  the  present  report. 

PLIOCENE. 

Besides  the  Archean  and  Paleozoic  rocks,  Marvine''  describes  in  the 
Grand  Wash,  which  lies  just  east  of  the  Virgin  Range,  a  series  of 
compact  conglomerates,  which  constitute  a  very  large  amount  of  the 
valley  filling  and  whicli  have  often  been  eroded  into  a  rolling  or  hilly 
surface  with  deep  valleys.  This  conglomerate  contains  some  l>eds  of 
lava,  is  horizontally  bedded,  and  abuts  unconformably  against  the 
folded  Carboniferous  rocks  of  the  mountains.     Southward  from  the 


aE.  E.  Howell,  U.  3-  Oeog.  Surv.  W.  One  Hundredth  Mer.,  Vol.  IH,  p.  232. 
l>  C.  E.  Dutton,  Second  Ann.  Rept.  U.  S.  Geol.  Survey,  p.  128. 
<*U.  S.  Geog.  Surv.  W.  One  Hundredth  Mer.,  Vol.  Ill,  p.  194. 
<f Idem,  Atlas,  geologic  Hheet  No.  06. 
eldem.  Vol.  IH,  pp.  197, 198. 
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Colorado,  in  another  valley,  the  same  gravels  or  conglomerates  are  met 
with,  overlain  by  calcareous  tufas  several  hundred  feet  in  thickness. 

On  traveling  along  the  west  side  of  the  Mormon  Range  toward  the 
pass  between  it  and  the  Muddy  Range,  the  writer  noted  that  the 
greater  portion  of  the  valley  of  the  Virgin  River  lying  east  of 
the  Virgin  Range  was  covered  with  slightly  eroded  Tertiary  strata, 
probably  identical  with  the  horizontal  red,  gray,  and  brown  sand- 
stones and  conglomerates  olxserved  in  the  lower  portion  of  the  Meadow 
Valley  Wivsh.^  The  conglomerates  in  the  Grand  Wash,  on  the  other 
side  of  the  Virgin  Range,  described  by  Marvine,  probably  belong  to 
the  same  series.  As  observed  by  the  writer  in  the  Meadow  Valley 
Wash,  they  have  the  appearance?  of  having  been  deposited  in  a  lake, 
although  it  is  possible  that  they  represent  the  valley  accumulation  of 
the  Colorado  River,  at  a  period  when  the  streams  of  this  system  occu- 
pied wide  valleys,  in  which  they  worked  laterally  and  dei>osited  the 
material  which  they  derived  from  the  erosion  of  the  mountains,  the 
carrying  power  of  the  streams  at  that  time  not  being  equal  to 
the  amount  of  load  received.  These  sediments  occupy  the  older  val- 
leys which  were  eroded  in  the  Paleozoic  limestones  and  in  the  earlier 
Tertiary  sediment.s  and  lavas,  but  they  were  laid  down  l)efore  the 
down  cutting  of  the  latest  sharp  gorges,  for  they  stand  as  the  walls 
of  these.  They  lie  against  the  Carboniferous  limestones,  and,  as 
described  by  Marvine,  against  the  Archean  granites  along  the  Grand 
Wash. 

Acconling  to  Diitton  *  the  greater  part  of  the  general  denudation  of 
the  Colora<lo  drainage  I'egion  was  probably  accomplished  in  Miocene 
time,  whereas  the  cutting  of  the  Grand  Canyon  probably  began  in  the 
early  part  of  the  Pliocene.  The  conglomerates  and  sandstones  under 
consideration  were  evidently  deposited  just  before  the  period  of  rapid 
canyon  cutting,  and  this,  in  conjunction  with  the  evidence  afforded 
by  the  underlying  unconformable  Tertiai;y  rocks  in  Meadow  Valley 
Canyon,  may  be  sufficient  grounds  for  specifying  their  age  provision- 
ally as  Pliocene. 

IGNEOUS   ROCKS. 

Marvine '^  describes  large  masses  of  black  basaltic  lavas  resting 
upon  the  eastern  base  of  the  Virgin  Range.  Where  the  Colorado 
River  cut«  the  range,  at  Virgin  Canyon,  Mr.  Gilbert^  describes  lavas 
overlying  the  gneissic  Archean  rocks. 

STRUCTURE. 

As  seen  from  the  west,  the  limestones  of  the  central  portion  of  the 
Virgin  Range  present  dips  of  15°  to  30°,  and  strikes  indicating  some- 

"  Sw  p.  I4:j. 

''8tA<'ond  Anu.  R«pt.  U,  S.  Geol.  Survey,  p.  «7. 

<-  U.  S.  GeoK.  Surv.  W.  One  Hundi-edth  Mer.,  Vol.  Ill,  p.  196. 

dlbid.,  p.  35. 
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wlmt  irregular  folding.  Marvine**  records  that  the  main  fold  of  the 
range  is  anticlinal  and  that  a  fault  exists  along  the  east  face.  This 
is  probably  the  fault  mentioned  by  Dutton,*  which  has  a  downthrow 
to  the  west  of  between  6,000  and  7,000  feet. 

Toward  the  south  the  folding  appears  to  die  out  so  as  to  be  nearly 
horizontal  in  the  Colorado  Canyon. 

COLORADO  CANYON. 

That  part  of  the  canyon  of  the  Colorado  which  is  represented  in  the 
southeastern  corner  of  the  map  accompanying  this  report  lies  near 
the  boundary  between  the  Colorado  Plateau  on  the  east  and  the 
region  of  the  Desert  or  Basin  ranges  on  the  west.  The  Colorado 
Plateau  is  characterized  by  nearly  horizontal  rocks  forming  mesas  or 
benched  platforms,  while  the  region  to  the  west  has  man}'  different 
ranges  of  high  rugged  mountains  composed  of  folded  strata. 

The  rocks  exposed  in  this  portion  of  the  canyon  are  Carboniferous 
and  lower.  At  the  mouth  of  the  Grand  Canyon  Mr.  Gilbert  made  a 
section  showing^  over  5,600  feet  of  rocks,  being  all  horizontal  strata 
except  the  extreme  base,  where  the  granites  and  gneisses  of  the 
Archean  appear.  Above  the  Archean  rocks  are  755  feet  of  shales, 
sandstones,  and  some  limestone  belonging  to  the  Upper  Cambrian  of 
the  Tonto  group.  Above  the  (Jambrian  comes  in,  in  apparent  con- 
formity, heavy  limestones  with  some  sandstones,  having  a  thickness 
of  2,675  feet.  This  is  the  Red  Wall  limestone  of  the  Carbonifei'ous. 
Above  the  Red  Wall  comes  in  the  Aubrey  group  of  the  Upper  Car- 
boniferous, consisting  of  1,300  feet  of  shales,  sandstones,  and  cherty 
limestones. 

Later,  Mr.  Walcott^'  found  in  the  (xrand  Canyon  a  slight  thick- 
ness of  Devonian,  rarely  over  100  feet,  between  the  Red  W^all  lime- 
stone and  the  Tonto  rocks.  Often  the  Devonian  in  this  region  is 
entirely  absent,  either  through  erosion  or  nondeposition.  The  rocks 
of  this  period  are  thin,  purplish,  fine-grained  sandstones,  becom- 
ing calcareous  and  containing  unmistakable  fossils.  Mr.  Walcott 
observed  an  erosion  break  at  the  top  of  the  T(mto  strata,  and  another 
between  the  Carboniferous  and  the  Devonian.  No  Silurian  rocks  are 
present. 

At  the  base  of  the  Tonto  there  is  a  great  unconformity,  beneath 
which  occur  sandstones,  shales,  limestones,  and  ancient  lavas  of  the 
Chuar  and  Unkar  divisions  of  the  Grand  Canyon  group  resting  upon 
thin-bedded  quartzit^s,  which  stand  vertical  and  are  broken  through 
by  intrusive  masses  of  granite.     Mr.  Walcott  considers  that  the  strata 


oU.  S.  Geog.  Surv.  W.  One  Hundredth  Mer.,  Vol.  Ill,  pp  194, 196. 

ft  Second  Ann,  Rept.  U.  S.  Qeol.  Survey,  p.  128;  alEO  Mon.  U.  S.  Geol.  Survey  Vol.  II,  atlas  PI.  II. 

cU  8.  Geog.  Surv.  W.  One  Hundredth  Mer.,  Vol.  Ill,  flg.  82,  p.  196. 

dAm.  Jour.  Sci.,  3d  series,  Vol.  XXVI,  pp.  437,  484, 
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between  the  Tonto  and  the  thin  bedded  quartzites  belong  to  the  Algon- 
kian.     The  quartzites  are  Algonkian  or  Archean.** 

As  one  proceeds  down  the  Colorado  River  from  the  Grand  Canyon, 
he  finds  the  upper  strata  successively  disappearing,  until,  in  Boulder 
Canyon  and  below,  the  Archean  granites,  gneisses,  and  schists  come 
to  the  top  of  the  canyon,  except  where  covered  up  by  Tertiary  lavas. 

MORMON  RANGE. 

The  Mormon  Range  lies  immeiliatoly  east  of  Meadow  Valley.  It 
has  an  extent  of  about  40  miles,  and  a  north-northeast  trend.  At  its 
south  end  it  is  divided  from  the  Muddy  Range  by  the  valley  of  Muddy 
Creek,  while  at  its  northern  end  it  merges  into  irregular  volcanic 
mountains  which  cover  a  large  area  southeast  of  Pioche. 

In  topography  the  Mormon  Range  is  not  extraordinary,  its  peaks 
l>eing  fairly  rugged  and  of  moderate  height.  Running  along  the 
central  part  of  the  range,  and  parallel  with  its  axis,  is  a  continuous 
notch  or  incipient  valley,  about  2,000  or  3,000  feet  deep,  which  never- 
theless has  not  yet  been  deeplj'^  enougti  eroded  to  form  part  of  the  true 
valley  system. 

SEDIMENTARY  ROCKS. 
CARBONIFEROUS. 

The  great  bulk  of  the  Mormon  Range  is  almost  free  from  igneous 
rocks  and  is  mmle  up  of  a  dark-blue,  sometimes  crystalline  limestone, 
with  some  reddish  shaly  beds.  In  Meadow  Valley  Canyon,  on  the 
northeast  flanks  of  the  range,  a  spur  of  this  limestone  contained  the 
following  fossils  which  were  determined  by  Dr.  Girty,  of  the  United 
Stat/cs  Geological  Survey,  to  be  Upper  Carboniferous: 

Crinoid  stems.  Productus  punctatns?. 

Fenestellid.  Spirifer  cameratus. 

Fistulipora  sp.  Spiriferina  gonionotns. 

Productus  nebraskensis.  Seminula  mira. 
Productus  splendens?. 

This  is  probably  the  Red  Wall  limestone  group  of  Gilbert's  Grand 
Canyon  section.* 

The  same  limestone  series  is  exposed  in  Ilackberry  Canyon,  a  few 
miles  south  of  here,  and  it  probably  constitutes  the  bulk  of  the  range. 

In  drift  from  the  southern  part  of  the  range,  found  in  the  southern 
part  of  Meadow  Valley,  were  pebbles  containing  the  following  Upper 
Carboniferous  fossils: 

Syringopora  multattenuata.  Cluetetes  milleporaceas? 

Fusulina  cylindrica.  Productus  semireticulatos. 

Archaeocidaris  sp. 

Below   Ilackberry   Canyon,    in   Meadow  Valley  Canyon,  there   is 


"Fourteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pp.  605,  506,  and  807. 
MJ.  S.  Qeog.  Surv.  W.  One  Hundredth  Mer.,  Vol.  HI,  pp.  178, 196. 
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found,  overlying  the  more  massive  dark -blue  limestone,  a  series  of 
pink  sandstones,  cherty  limestones,  and  shales  of  considerable  thick- 
ness. At  Kane  Spring,  thin-bedded,  siliceous,  cherty  limestones, 
with  yellow,  limy  shales,  belonging  to  this  upper  series,  contain  poorly 
preserved  fossils,  referred  by  Dr.  Girty  to  the  Upper  Carboniferous. 
This  is  undoubtedly  the  Aubrey  group  of  the  Grand  Canyon  section.^ 
The  Aubrey  Carboniferous  lies  conformably  on  the  Red  Wall  Car- 
boniferous, and  both  lie  conformably  beneath  the  lower  rhyolite 
series  of  Meadow  Valley  Canyon.*  They  are  separated  from  the  later 
Tertiary  formations,  especially  the  probable  Pliocene  sandstones  and 
conglomerates,  by  a  marked  unconformity. 

PLIOCENE. 

The  Pliocene  which  lies  against  the  flanks  of  the  Mormon  Range, 
in  Meadow  Valley  Canyon,  will  be  considered  in  the  special  descrip- 
tion of  the  canyon.  The  rocks  consist  of  horizontal  or  slightly  undu- 
lating red,  gra3%  and  brown  sandstones  and  conglomerates,  the  latter 
often  honeycombed,  rising  to  a  height  of  about  5,500  feet  above  sea 
level,  and  lying  against  the  folded  limestones  of  the  mountains.  The 
conglomerates  contain  pebbles  of  the  fossiliferous  Carboniferous 
limestones,  as  well  as  of  the  older  Tertiary  formations. 

As  seen  from  the  gap  between  the  Mormon  Range  and  the  Muddy 
Range,  large  areas  on  the  eastern  side  of  the  Monnon  Range  are 
probably  occupied  by  Pliocene  strata  similar  to  those  found  on  the 
western,  these  beds  covering  much  of  the  broa<l  valley  between  the 
Mormon  Range  and  the  Virgin  Range. 

IGNEOUS   ROCKS. 

Despite  the  fact  that  much  volcanic  material  was  found  closely 
adjacent  to  the  Mormon  Range  on  the  north  and  west,  there  seems  to 
be  little  in  the  range  itself.  The  volcanic  rocks  on  its  western  flanks 
will  be  treated  in  the  description  of  Meadow  Valley  Canyon. 

STRUCTURE. 

The  Mormon  Range,  as  viewed  from  the  west,  appears  to  consist 
chiefly  of  an  anticlinal  fold,  whose  trend  diverges  somewhat  from 
that  of  the  range,  since  it  runs  in  a  direction  west  of  north,  while  that 
of  the  range  runs  east  of  north.  On  the  western  slope  of  the  range 
there  was  observed  a  parallel  synclinal  fold  of  comparatively  small 
extent,  flanked  by  another  slight  anticline  still  farther  west.  These 
two  folds  are  probably  local.  They  are  succeeded  on  the  west  by  a 
syncline  which  occupies  the  broad  plateau  valley  in  which  Meadow 
Valley  Canyon  lies.     (See  fig.  10.) 

As  seen  from  the  north  the  main  anticline  is  comparatively  gentle. 


a  Gilbert,  U.  S.  Geog.  Surv.  W.  One  Hundredth  Mer.,  Vol.  HI,  pp.  IH,  196. 
ft  See  description  of  Meadow  Valley  Canyon,  p.  140. 
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Ibo  dips  on  both  sides  appearing  to  be 
about  15°.  Farther  south,  however, 
these  dips  gradually  increase,  and  in 
one  conspicuous  peak  in  the  south- 
central  part  of  the  range  the  strata  are 
sharpl}'  compressed,  forming  a  type  of 
structure  quite  unusual  in  the  desert 
ranges,  but  still  present,  especially  in 
certain  ranges  lying  closely  east  of  the 
Sierra  Nevada.^ 

It  has  already  been  noted  that  the 
limestone  which  forms  the  Mormon 
Range  seems  to  l)e  conformably  over- 
lain, on  the  flanks  of  the  range,  by  a 
Tertiary  rhyolite  and  rhyolite  tuflf 
series.*  That  there  was  an  erosion 
interval  between  the  Carboniferous  and 
the  rhyolite  period  is  shown  by  the 
irregularity  of  the  contact,  as,  for  ex- 
ample, at  the  mouth  of  Hackberrj- 
(^anyon,  where  the  rhyolite  is  found 
on  one  side  of  the  canyon  and  not  on 
the  other.  Nevertheless,  most  of  the 
folding  which  brought  about  the  forma- 
tion of  the  range  certainly  did  not  begin 
until  after  the  rhyolite  period.  The 
limestones  must  also  have  taken  part 
in  later  movements,  evidenced  by  fold- 
ing in  the  postrhyolitic  Tertiary  rocks 
to  be  described  in  considering  Meadow 
Valley  C-anyon,  which  are  separated 
from  the  rhyolites  by  an  unconformity. 
Thus  the  total  amount  of  folding  in  the 
range  is  the  (combined  result  of  all  the 
Tertiary  movements,  which,  from  plie- 
nomena  observed  in  Meadow  Valley  Can- 
yon, seem  to  be  still  in  progress. 

MUDDY  RANGE. 

The  Muddy  Range  is  a  southward  con- 
tinuation  of  the  Mormon  Range,  l)eing 
s(»parated  from  it  onh^  by  the  gap  of 
Mudd}'  Creek.  It  extends  south  to  the 
Colorado  River,  where  it  is  separated 
from  the  Colorado  Range  by  Boulder 
(-an  von. 


«C.  D.  Walcott:  Am.  Jour.  Sri.,  Ai\  serieft,  Vol.  XLIX,  1HH5,  p.  169. 
''StM^  description  of  Meadow  Valley  Oftnyon,  p.  140. 


Digitized  by 


Google 


SPURR]  MUDDY    RANGE.  137 

SEDIMENTARY   ROCKS. 

The  Carboniferous  strata  of  the  Mormon  Range  api)ear  in  the  field 
to  be  continuous  into  tlie  northern  end  of  the  Muddy  Range.  The 
southern  portion  of  the  range,  however,  is  represented  on  the  Wheeler 
survey  geologic  map  as  composed  of  Triassic  rocks.<* 

At  the  extreme  southern  end  of  the  range,  in  Boulder  Canyon,  only 
the  Archean  igneous  rocks  and  gneisses  are  exposed,  as  described  by 
Mr.  Gilbert.*    These  are  overlain  by  Tertiary  lavas. 

The  following  observations  were  made  by  Mr.  R.  B.  Rowe*^: 

CARBONIFEROUS. 

About  4  miles  west  of  Logan,  on  Muddy  Creek,  there  occurs  prob- 
ably Carboniferous  limestone,  overlying  Mesozoic  sandstones  and 
conglomerates.  Between  Logan  and  Weiser's  ranch,  above  the  Nar- 
rows, Paleozoic  limestone  is  again  shown,  being  brought  against  the 
Mesozoic  by  a  heavy  fault.  The  Mesozoic  also  seems  to  lie  conform- 
ably upon  the  limestone  on  one  side  of  the  fault  plane. 

Fossils  collected  3  miles  west  of  Logan  post-office  by  Mr.  Rowe 
were  determined  by  Dr.  Girty  as  rather  doubtfully  Permian. 

MESOZOIC. 

At  the  first  locality  above-mentioned,  4  miles  west  of  Logan  post- 
office,  there  are  bright-red  hills  of  massive  cross-bedded  sandstone 
showing  no  bedding  planes.  West  of  these  hills  are  softer  red-clay 
beds,  bluish  shale  beds,  gray  conglomerates,  and  thin  limestone  l)eds. 
Some  of  the  limestone  beds  contain  fossils,  regarded  by  Mr.  Row^e  as 
Jurassic.  Mr.  Rowe's  collection  was  examined  by  Mr.  T.  W.  Stan- 
ton, who  referred  it  possibly  to  the  same  horizon  as  fossils  from  simi- 
lar beds  in  the  south  part  of  the  Spring  Mountain  Range.  He  believes 
the  horizon  is  not  younger  than  the  Triassic  and  may  be  as  old  as  the 
Permian,  but  as  the  forms  are  all  new  no  definite  statement  can  be 
made. 

One  of  the  conglomeratic  strata  contains  considerable  petrified 
wood.  From  some  of  the  darker  shales  of  the  Mesozoic  some  narrow 
seams  of  coal,  from  one-half  to  one  inch  in  thickness,  have  been 
reported. 

At  the  second  locality  mentioned  above,  between  Logan  and 
Wei.ser's  ranch,  the  Mesozoic  again  appears,  lying  conformably  upon 
the  limestone.^ 

TERTIARY. 

On  the  north  side  of  Muddy  Creek,  above  the  old  California  cross- 
ing, are  the  red,  yellow,  and  bhiish  deposits  of  the  Tertiar3\     On  the 


aU.  8.  Geog.  Surv.  W.  One  Hundredth  Mer.,  Atlas  Sheet  No.  66. 

bidem.  Vol.  Ill,  p.85. 

<•  Taken  from  his  notebooks  after  Mr.  Rowe's  death,  by  the  writer. 

dThis  Mesozoic  is  mapped  as  Triassic  to  conform  with  the  "Wheeler  snrvey  mapping  in  the 
southern  part  of  the  range.  It  will  be  ol)3erved,  however,  that  these  bods  may  be,  in  partat 
least,  the  same  as  those  mapped  in  the  Spring  Mountain  range  as  Jurassic. 
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south  Hide,  and  undoubtedly  connected  with  these,  are  clay  deposits 
of  considerable  thickness  and  e^t«nt. 

Hetween  Logan  and  Weiser's  ranch  red  and  yellow  clan's  and  ancient 
talus  dei>osits,  now  hardening  into  conglomerates,  lie  unconforraably 
upon  the  Mesozoic. 

IGNEOTTS  ROCKS. 

In  the  northern  part  of  the  range  the  writer^  observed  volcanic  rocks 
overlying  the  folded  strata.  On  the  Wheeler  maps  pat<!hes  of  basalt 
are  shown  in  a  similar  relation  in  the  southern  part  of  the  range,  and 
these  extend,  as  described  by  Mr.  Gilbert,  to  Boulder  Canyon. 

STRUCTURE. 

At  the  northern  end  of  the  range  the  stratified  rocks  seemed  from 
a  distance  to  dip  eastward  at  high  angles,  but  the  actual  structui'e  was 
not  made  out.  The  folding  probably  deci^eases  rapidly  toward  the 
south. 
The  following  observations  were  made  by  Mr.  R.  B.  Rowe: 
About  4  miles  west  of  Logan  there  is  probably  a  fault  between 
the  Paleozoic  and  the  Mesozoic.     The  Mesozoic  dips  quite  sharply  to 


13  2  ^ 

Pi(j.  11.-  Cross  section  of  Muddy  Range,  after  R.  B.  Rowe. 

1.  Carboniferous  linie8tt)ne.  3.  Mesozoic  conglomerates,  shales,  and  limestones. 

2.  Massive  red  Mt^sozoitr  sandstone.       4.  Tertiary  clays  and  consolidated  talus  deposits. 

the  west.  Bet  ween  Logan  and  Weiser's  ranch  the  fault  is  beautifully 
shown,  bringing  the  Mesozoic  against  the  Paleozoic  limestones.  On 
the  west  side  of  the  range  the  Mesozoic  seems  to  line  conformably 
upon  the  limestone.  The  dip  of  the  limestone  is  almost  perpendicu- 
lar, while  the  Mesozoic  lies  against  it,  with  a  much  lower  dip,  on  the 
east  side.     (See  fig.  11.) 

COLORADO  RANGE. 

The  Colorado  Range  is  a  southward  continuation  of  the  Muddj^ 
Range,  and  is  separated  from  it  by  the  Colorado  River  at  Boulder 
Canyon.     Its  geology  is  represented  on  the  Wheeler  geologic  atlas 

a  J.  E.  s. 
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(sheet  No.  66)  as  consisting  essentially  of  an  Archean  core  overlain 
by  lavas  and  flanked  by  Pleistocene  detritus. 

ELDORADO  RANGE. 

The  Eldorado  Range  lies  west  of  the  Colorado  Range,  being  separated 
from  it  by  the  Colorailo  River.  As  represented  on  the  Wheeler  atlas, 
its  geology  is  about  the  same  as  that  of  the  Colorado  Range. 

MEADOW  VALLEY  CANYON. 
TOPOGRAPHY. 

Meadow  Valley  Canyon  is  cut  in  the  bottom  of  a  broad  north-south 
'  plateau  valley,  which  separates  the  Meadow  Valley  Range  on  the  west 
from  the  Mormon  Range  and  other  mountains  on  the  east.  Although 
the  canyon  is  dry  for  long  stretches,  yet  such  water  as  may  flow  in  it 
is  carried  to  the  Colorado,  of  whose  drainage  the  canyon  forms  a  part. 
That  portion  of  the  valley  which  is  here  described  is  about  90  miles 
in  length,  extending  from  the  vicinity  of  Pioche  southward  to  West 
Point  or  Moapa.  The  canyon  begins  a  short  distance  south  of  Pioche, 
and  grows  continually  deeper  toward  the  south.  The  continuation  of 
Meadow  Valley  northward  from  Pioche  is  called  Duck  Valley,  which 
is  a  typical  broad  desert  valley  with  no  canyon.  Opposite  Pioche 
the  appearance  is  already  unlike  that  of  the  ty  pi  car  desert  valley  of 
the  region.  There  comes  in  a  central  narrow  strip  of  level  wash, 
marking  the  channel  of  drainage,  while  on  both  sides  there  rises  to 
the  mountains  a  detrital  slope,  which,  unlike  that  of  most  Nevada 
vallej's,  is  cut  up  into  low  hills.  To  the  south  the  central  drainage 
channel  becomes  deeper,  the  slopes  sharper,  and  the  hills  more  cut  up. 
To  the  north  the  reverse  is  the  case,  until  the  valley  appears  almost 
flat,  like  the  typical  Nevfida  valley. 

From  the  vicinity  of  Pioche  the  incision  of  the  drainage  into  the 
valley  bottom  becomes  progressively  more  pronounced  southward, 
until  some  few  miles  south  of  Panaca  a  box  canyon  begins,  which 
soon  attains  a  depth  of  500  feet,  and,  within  a  few  miles,  1,000  or 
1,500  feet  (PI.  VI,  A).  Some  miles  south  of  here,  at  Kernan's  ranch, 
the  canyon  walls  are  estimated  to  be  fully  2,000  feet  high.  Still  farther 
south,  and  just  northeast  of  the  Mormon  Range,  the  valley  widens  out 
into  a  broad  basin  inclosed  by  mountains,  for  a  few  miles  below  which 
another  shorter  and  somewhat  lower  canyon  is  entered.  Below  this 
is  a  broad,  gently  sloping  plateau-valley,  in  which  the  drainage  chan- 
nel, though  generally  sharp,  is  shallow.  This  plateau  grows  wider 
toward  the  south,  as  also  the  valley  which  is  cut  in  it.  At  the  junction 
of  the  Muddy  Creek  and  Meadow  Creek  drainage,  near  West  Point  or 
Moapa,  the  valley  is  2  miles  wide. 

Meadow  Valley  Canyon  ofl'ei's  exceptional  advantages  for  study. 
Most  of  the  Nevada  deserts  are  nearly  level,  and  appear  to  be  filled 
with  Pleistocene  accumulations,  mostly  subaerial.     Observations  in 
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some  of  these  flat  valleys,  however,  show  that  Tertiary  nwks  ei*op  out  in 
patches  and  that  the  Pleistocene  cover  is  only  a  veneer.  Hut,  there 
being  no  drainage  in  these  valleys,  there  is  very  rarely  an  opportunity 
to  find  sections  cut  by. running  wat^i*s,  so  as  to  study  the  real  valley 
filling.  In  Meadow  Creek  Canyon  we  have  such  an  opportunity. 
The  slight  incision  in  the  valley  opposite  Pioche  grows  to  a  continuous 
canyon  1,000  or  2,000  feet  deep,  whose  walls  afford  excellent  sections 
of  the  Tertiary  sediments  and  lavas  which  constitute  the  real  valley 
filling  between  the  ranges  of  Paleozoic  strata  on  either  side. 

PALEOZOIC   ROCKS. 

On  the  west  of  the  valley,  the  Highland  and  Meadow  Valley  ranges, 
and  on  the  east  the  Mormon  Range,  are  composed  of  Paleozoic  strata, 
the  Highland  Range  being  chiefly  ('ambrian,  the  restTargely  Carbon- 
iferous. Between  these  mount^iin  ranges  the  valley  probably  existed 
before  the  deposition  of  any  of  the  Tertiary  rocks. 

RHYOLTTE. 

The  oldest  of  the  post- Paleozoic  rocks  not^ed  in  Meadow  Vallej'  Can- 
yon was  rhyolit^.  This  was  first  encountered  at  the  upper  end  of  the 
canyon,  near  Yokum's  ranch,  where  it  occurs  in  rugged  outcrops.  A 
specimen  proved  to  be  a  siliceous  biotite-rhyolite.  This  has  l)een 
eroded,  and  against  it  has  teen  laid  down  a  horizontally  stratifie<l 
white  rhyolite  sandstone  derived  from  it.  The  sandstone  is  hardened 
and  forms  cliff's  and  buttes.     The  rhyolite  is  thoroughly  decomposed. 

South  of  here,  the  basal  rhyolite  may  be  traced  for  some  short  dis- 
tance in  the  canyon  walls  till  it  sinks  below  the  bottom  of  the 
canyon  and  gives  place  to  an  enormous  series  of  the  overlying  rhyolite 
sandstones,  which  contain  interbedded  thin  sheets  of  rhyolite.  There 
are  in  many  places  evidences  that  the  basal  rhyolite  was  eroded  tefoi-e 
the  deposition  of  the  overlying  detrital  series,  for  the  latter  often  rests 
in  the  irregularities  of  the  surface  offered  bj'  the  former.  The  rhyo- 
lit^^s  and  the  overlying  derived  sediments  are  folded  throughout  (dip- 
ping exceptionally  as  much  as  30",  though  usually  deviating  only 
slightly  from  the  horizontal),  and  are  often  faulted,  small  faults 
being  numerous,  and  those  of  100  feet  or  more  being  not  infrequent. 

The  basal  massive  rhyolite  was  again  observed  at  Hackl)erry  Can- 
yon. In  the  section  afforded  here  the  lowest  member  is  a  white  bio- 
tite-rhyolite, thoroughl}-  decomposed.  At  the  mouth  of  the  canyon 
this  rhyolite  overlies  the  Carboniferous  limestones  conformably,  the 
whole  being  folded  together  and  unconformable  to  the  overlying  for- 
mations. 

RHYOLITE-SANDSTONE   SERIES. 

At  the  upper  end  of  Meadow  Valley  Canyon,  at  Yokum's,  the  con- 
solidated rhyolite  sandstone  and  conglomerate  which  overlies  the 
massive  rhyolit-e  has  already  been  described,  and  also  its  occurrence 
in  the  canyon  immediately  to  the  south,  where  it  succeeds  the  basal 
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lava  above  an  apparent  erosion  gap  and  is  folded  with  it.  The 
rhyolite-sandstone  or  tuff  series  is  overlain  unconforraably  by  finde- 
site,  and  is  also  cut  by  thin  intrusive  sheets  of  it. 

There  appears  also  to  have  been  considerable  disturbance  even 
during  the  deposition  of  the  rhyolite-sandstone  or  tuff  series,  which 
is  expressed  by  slight  erosion  gaps  and  irregularities  between  adjoin- 
ing beds.  During  the  deposition  of  this  series,  therefore,  periodic 
effusion  of  thin  sheets  of  lava  and  erosion  seem  to  have  gone  on 
simultaneously.  Some  of  the  thin  rhyolite  sheets  rest  one  upon 
another  with  diverging  angles  of  banding,  indicating  to  the  observer 
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Pio.  12.  -Sketch  section  of  oa«t  wall  of  Meadow  Valley  Canyon  just  south  of  Carson's  ranch, 
showinfc  unconformity  between  rhyolite  sands  and  overlying  dacitic  lavas. 

at  first  sight  an  unconformity,  since  they  have  the  appearance  of 
being  white  stratified  rock. 

This  series  was  estimated  to  be  4,00()  feet  thick,  and  is  exposed 
southward  to  a  point  about  45  miles  south  of  Pioche,  where  it  gives 
place,  on  account  of  the  general  southerly  dip  of  the  folded  beds,  to 
later  overlying  sediments  and  lavas. 

ANDESITE-LATITE   SERIES. 

There  is  found,  overlying  the  rhyolite-sandstone  or  tuff  series,  at 
Yokum's  ranch  and  in  the  canyon  to  the  south,  several  hundred  feet 
of    basic    lava,  specimens      ^  „ 

whicli  proved  to  l)e  in  gen- 
eral bronzite-biotite-ande- 
site.  A  specimen  coUecte  1 
just  above  Yokum's,  prob- 
ably from  the  same  gen- 
eral series,  is  biotite-horn-       „     ,„    „^  ^  ,       ,      ,  „  .  „    .     „  , 

.  Fio.  13.— Sketch  section  of  west  wall  of  Meadow  Val- 

blende-quartZ-latlte.  ley  canyon   at   same  locality  as  flg.  12,  showing 

This     andesite-latite    Se-  intrusion  of  overlying  sheet  of  dacitic  lava  into 

_             _  ,  underlying  rhyolite  sands. 

ries   rests    unconformably 

upon  the  basal  rhyolite  or  on  the  overlying  rhyolite  tuff  (fig.  12)  and 

also  intrudes  them  in  thin  intercalated  sills  (fig.  13). 

From  the  northern  end  of  the  canyon  the  andesites  were  not 
observed  for  many  miles  southward;  but  in  Hackberry  Canyon  they 
were  again  found  exposed  in  exceptionally  good  section.  Here  they 
overlie  the  basal  rhyolite  unconformably,  and  are  themselves  tilted  so 
as  to  be  unconformable  below  the  overlying  sands  and  gravels.     At 
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this  point,  as  also  at  the  northern  end  of  Meadow  Valley  Canyon,  the 
andesite  contains  considerable  masses  of  volcanic  breccia.  It  is  con- 
siderably decomposed,  though  not  so  much  as  the  underlying  rhyolite, 
and  specimens  proved  to  be  pyroxene-andesite. 

REDDISH   DACITES  AND  RHYOLITES   AND   ASSOCLATED   SEDIMENTS. 

In  the  southern  half  of  the  northern  portion  of  Meadow  Valley 
Canyon,  above  the  open  basin  to  the  northeast  of  the  Mormon  Range, 
the  and esites  were  not  observed;  but  the  rhyolite  sandstone  or  tuflf 
formation  was  found  to  be  overlain  by  beds  of  brown  and  yellow  tuff, 
containing  a  variable  amount  of  red  lava,  in  the  form  of  sheets.  The 
great  variability  in  thickness  of  the  lava  sheets,  and,  therefore,  of  the 
interbedded  sandstones,  makes  a  study  of  the  series  very  difficult,  no 
two  sides  of  the  canyon  ever  matching;  but,  so  far  as  examined,  the 
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Flo.  14.— Sket<'h  of  east  wide  of  Meadow  Valley  Canyon  near  locality  of  figs.  12  and  13,  showing 
contac^t  of  underlying  rhyolite  and  overlying  dacite,  with  no  rhyolite  sands  between. 

volcanic  rocks  found  In  this  upper  reddish  scries  are  in  part  biotite- 
hornblende-dacitc  and  in  part  pink  rhyolite.  It  is  not  plain  in  the 
field  whether  this  series  of  dacites  and  reddish  rhyolites  is  older  or 
younger  than  the  andesites,  for  the  two  are  not  found  together;  but 
from  the  fact  that  the  andesite  is  often  found  resting  directly  upon 
the  basal  rhyolite,  it  is  inferred  that  it  is  probably  older  than  the 
reddish  dacite-rhyolite  scries.  Between  the  series  of  red  lavas  and 
yellow-brown  tuffs  and  the  underlying  series  of  white  rhyolites  and 
white  tuffs  there  is  a  marked  unconformity  and  erosion  gap  (fig.  14). 
The  dacites  and  reddish  rhyolites  not  only  form  interbedded  sheets 
contemporaneous  with  the  yellow-brown  tuffs,  and  furnish  many 
of  the  pebbles  in  the  associated  gravels,  but  they  have  cut  the  same 
gravels  and  tuffs  as  intrusive  sills,  which  are  oft^en  of  considerable 
thickness.  Thus  there  are  exposed  sections  in  the  canyon  walls  with 
the  reddish  volcanics  at  the  base  and  the  yellow-brown  tuffs  above, 
giving  a  false  appearance,  as  if  the  sediments  were  younger  than  the 
lava. 
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At  one  locality,  near  Kernan's  ranch,  the  brown  toffs  and  red  lavas 
were  seen  to  be  overlain  by  a  flow  of  pyroxene-olivine-basalt,  whose 
lower  boundary  is  irregular. 

This  whole  series  of  red  lavas  and  brown  tuffs  is  broadly  folded, 
although  not  so  much  as  the  rhyolitic  series  below.  It  has  in  general 
a  southerly  dip,  and  where  the  canyon  gives  way  below  Keman^s  ranch 
to  the  broad,  level  basin  which  lies  northeast  of  the  Mormon  Range 
it  is  overlain  unconformably  by  horizontal  brown  sandstone  or  tuff 
belonging  to  a  later  epoch. 

PLIOCENE  BEDS. 

In  the  valley  near  Panaca  the  sti-eam  bottom  has  on  both  sides 
scarps  60  to  100  feet  high,  consisting  of  horizontally  stratified  silt  and 
sand.  These  sediments  are  sometimes  green  and  yellow  and  pass  into 
rhyolitic  arkose.  The  scarps  are  cut  down  in  a  level  valley  plateau 
which  has  an  elevation  of  about  5,000  feet;  and  from  here  on  both 
sides  a  succession  of  benches,  more  or  less  dissected,  rise  to  the  moun- 
tains.    The  highest  well-marked  bench  was  estimated  at  H,000  feet. 

In  the  northern  portion  of  Meadow  Valley  Canyon,  between  Carson's 
and  Kernan's  ranches,  the  different  series  of  interbedded  lavas  and 
tuffs  above  desciibed,  which  are  all  more  or  less  folded,  give  way  for 
a  few  miles  on  the  west  side  of  the  vrfUey  to  a  deposit  of  about  2,000 
feet  of  clean,  brown  volcanic  sandstone  and  tuff,  beautifully  stratified 
horizontally,  and  extending  to  the  top  of  the  hills.  The  deposits  are 
unfolded  and  unbroken,  dipping  south  about  2°,  and  having  a  maxi- 
mum elevation  of  about  5,500  feet.  In  the  upi)er  part  of  this  sand- 
stone series  there  seems  to  be  a  few  sheets  of  rhyolite  and  basalt,  the 
basalt  being  the  younger. 

South  of  Kernan's  ranch  a  series  of  brown,  horizontally  stratified, 
volcanic  sandstones  or  tuffs  comes  in  uncomformably  above  the 
slightly  folded  red  lava  and  brown  tuff  series,  and  fills  the  broad  basin 
which  lies  northeast  of  the  Mormon  Range.  Of  these  horizontal  sand- 
stones there  is  shown  in  the  bottom  of  the  valley  a  thickness  of  about 
800  or  900  feet,  although  neither  the  bottom  nor  the  top  was  seen. 
Below  the  sandstones  are  barely  exposed  horizontal  conglomerates, 
well  indurated,  and  containing  pebbles  of  various  sizes  up  to  "2  feet  in 
diameter.  This  sandstone  series  continues  south,  and  lies  up  against 
the  slopes  of  the  Mormon  Range  to  a  height  of  about  2,000  feet  above 
the  valley  or  about  5,500  feet  above  sea  level.  The  lower  portions  of 
the  sandstone  are  indurated,  while  the  upper  parts  are  softer.  They 
are  often  honeycombed  i:i  consequence  of  unequal  consolidation  and 
erosion.  In  one  locality  they  are  overlain  by  a  sheet  of  very  recent 
tordrillite.  These  horizontal  rocks  acquire  a  slight  wavy  structure 
on  approaching  the  spur  of  Paleozoic  limestones  which  constitutes 
the  southern  barrier  of  the  basin.  There  are  developed  gentle  folds 
with  axes  parallel  to  the  spur,  and  dips  averaging  not  more  than  10°. 
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Close  up  to  the  limestone  buttress  the  folding  is  somewhat  closer, 
and  the  strata  have  a  wrinkled  appearance. 

At  Hackberry  Canyon  the  same  stories  of  horizontally  stratifiecl  con- 
glomerates and  soft  sandstones  overlies  the  pyroxene-andesite,  from 


2  4  8  4  1 

Fio.  15.— Sketch  section  of  Houth  wall  of  Hackberry  Canyon  near  Junction  with  Mendow  Valley 
Canyon,  showing  PleiHtocene  faults  and  simple  fault  scarps. 

1.  CarboniferouH  lime.stone. 

2.  Rhyolito  and  derived  sK»diinont«  (probably  early  Tertiary). 

H.  (V>ni4olidated  honeycombed  i^onglomerate  and  sandntone  (probably  Pliocene). 
4.  Pleistocene  faults. 

which  it  is  separaUnl  by  an  unconformity  and  an  erosion  gap.  At  the 
mouth  of  HacklK»rry  Canyon  the  same  series  is  found,  honeycombed 
and  overlying  unconformably  the  upturned  basal  rhyolites.  Both  the 
horizontal  conglomerates  and  sandstones  and  the  underlying  rocks 

W  .  E 


Fio.  16.— 8ket<*h  section  of  north  wall  of  Meadow  Valley  Canyon,  8  miles  southwest  of  mouth  of 
Hackl>erry  Canyon,  showing  a  pre-Plio<'eno  fault. 

1.  Inter  bedded  pink  and  yellow  sandstones,  sandstone  shales,  and 

bluish-jfreen  silic'eous  limestones. 

2.  Homogeneous  thin-bedded  siliceous  limestones  (Carboniferous), 
n.  PluM'cne  (?)  conglomerate. 

4.  Pre-Pliocene  fault. 

have  been  displaccMl  by  recent  faults,  which  are  directly  expressed  in 
the  topography  (fig.  15).  Farther  south,  a  short  distance  down  the 
main  Meadow  Valley  Canyon  (or,  as  it  is  called  at  this  point,  Mormon 
Canyon),  the  horizontal   conglomerate  overlies   unconformably  the 
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Paleozoic  limestones  and  sand- 
stones. At  this  point  a  fault  has 
displaced  the  Paleozoic  rocks,  but 
not  the  overlying  conglomerates, 
showing  that  it  occurred  before  the 
deposition  of  the  latter  (fig.  IG).  A 
shoi-t  distance  south  of  here  the 
horizontal  sandstone  is  brought  to 
the  bottom  of  the  canyon  by  the 
dipping  dQwn  of  the  contact  be- 
tween it  and  the  lower  formations, 
and  from  here  to  the  neighborhood 
of  IVroapa  or  West  Point  it  is  the 
principal  formation  exposed  in  the 
valley,  the  older  Tertiary  dei)osits 
not  being  observed  and  the  Pale- 
ozoic rocks  only  in  patches. 

From  Kane  Spring  southward  to 
Grapevine  Spring,  a  distance  of 
about  3  miles,  there  is  a  very  inter- 
esting section  (fig.  17).  Above  the 
upturned  and  eroded  Paleozoic 
limestones  occur  the  consolidated 
brownish  sandstones,  grits,  and 
conglomerates  of  the  horizontal  se- 
ries. The  conglomerates  contain 
pebbles  of  limestone,  chert,  and 
quartz  from  the  Paleozoic  series, 
white  rhyolite  from  the  basal  rhyo- 
lit«  series,  and  characteristic  red 
lava  from  the  dacite-rhyolite  series 
(PI.  VI,  B),  There  has  been  a  slight 
local  folding  of  the  brown  sand- 
stones and  conglomerates,  which 
seems  to  have  been  i)aHly  caused 
by  the  advent  of  a  considerable 
sheet  of  rhyolite.  This  rhyolite 
overlies  the  sandstones  and  has 
also  cut  into  them  as  sills.  Prob 
ably,  however,  pai*t  of  the  fold, 
ing  took  place  before  the  intru. 
sion.  At  Grapevine  Spring  there 
has  been  a  late  faulting  wiiich  has 
displaced  the  lava  as  well  as  the 
sandstones,  and  here  also  the  up- 
turning of    the    strata    has    been 
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greatest,  resulting  in  a  local  dip  of  as  much  as  45°.  Lying  upon 
the  upturned  edges  of  the  brown  sandstones  here,  and  also  upon  the 
later  rhyolit^,  is  a  series  of  consolidated  grits  and  conglomerates, 
distinguished  by  a  gray  color  as  opposed  to  the  reddish  and  brown 
colors  of  the  l)eds  below  (fig.  18).  Southward  from  Grapevine  Spring 
to  Moapa,  the  horizontal  gray  sandstone  and  conglomerate  is  contin- 
ually observed  overlying  the  red  and  yellow  series,  which  is  again 
horizontal  and  mostly  conformable  to  it. 

The  very  slight  folding  of  all  the  beds  which  have  been  described 
under  the  last  head  separates  them  from  all  the  underlying  uncon- 
formable Tertiary  series.  Their  position,  structure,  and  distribution 
show  that  they  are  probably  lake  beds,  and,  indeed,  they  lie,  partly 


Scale 

20  ♦ofeet 


Flo.  18.— Sketx'h  seirtion  of  west  wall  of  MohcIow  Valley  Canyon  at  Grapevine  Spring,  Enlarged 
from  flg.  17.    Showing  fault  gullies  in  Pliocene  rocks. 

at    least,    in    inclosed   rock   basins.     These   beils   are   provisionally 
referred  to  the  Pliocene." 

PLIOCENE   RHYOLITES. 

In  the  section  between  Kane  Spring  and  Grapevine  Spring  the 
mcKlerately  thick  sheet  of  rhyolite  above  noted  is  of  an  age  intermedi- 
at(^  between  the  lower  brown  Pliocene  sandstone  series  and  the  upper 
gray  Pliocene  series,  since  it  overlies  the  one  and  underlies  the  other. 
It  is  a  glassy  rock,  and  very  little  can  be  told  of  its  composition. 

PLEISTOCENE   RHYOLITE   AND   BASALT. 

At  several  points  very  recent  lavas  are  seen,  which  form  the  latest 
phase  of  volcanic  activity  in  this  region.  In  the  canyon  near  the 
northern  end  of  the  broad  basin  which  lies  northeast  of  the  Mormon 
Range  the  topmost  rock  at  one  i)oint  was  found  to  be  a  sheet  of 


«  See  deacription  of  Virgin  and  Mormon  i*ange8,  pp.  131  and  IS). 
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pyroxene-olivine-basalt,  overlying  with  an  irregular  contact  strati- 
fied volcanic  sand  apparently  belonging  to  the  dacite-i'ed  rhyolite 
period. 

Near  the  southern  end  of  the  same  basin  a  thin  sheet  of  glassy  tor- 
drillite  comes  down  into  the  valley,  covering  the  hills  in  such  a  way 
as  to  show  that  the  present  topography  was  developed  before  the  lava 
effusion. 

At  Hackberry  Canyon  thin  sheets  of  glassy  lava  overlie  the  hori- 
zontal Pliocene  sandstones  and  conglomerates.  Specimens  of  these 
sheets,  taken  at  different  but  neighboring  points,  proved  to  he  tor- 
drillite  and  pyroxene-olivine-basalt.  The  two  seem  to  be  practically 
contemporaneous,  and  both  must  be  regarded,  from  their  position  and 


Fio.  19.— Bketch  section  of  wall  of  Hackberry  Canyon  at  Hackberry  Spring. 

1.  White  decomposed  rhyolite. 

2.  Pyroxene-andesite. 

3.  Conglomerate  and  noft  sandstone  (Pliocene  ?). 

4.  Thin-bedded,  slaggy  olivine-basalt  (Pleistocene). 

5.  Thin-bedded  slaggy  tordrillite  (siliceous  rhyolite)  (Pleistocene.) 

their  relation  to  the  underlying  rocks  and  to  the  toi)ography,  as  Pleis- 
tocene (fig.  19). 

PLEISTOCENE   GRAVELS. 

Through  all  the  rocks  previously  described,  except  part  of  the 
Pleistocene  rhyolites  and  basalts,  the  drainage  has  cut  a  canyon  in 
places  as  much  as  2,000  feet  deep.  The  detritus  removed  b}^  this 
cutting  has  chiefly  been  carried  down  the  valley  and  out  to  the  Colo- 
rado River,  but  a  certain  portion  still  floors  the  valley  bottom. 

SEQUENCE   OP  EVENTS. 

Out  of  the  complicated  conditions  observed  at  so  many  points  in 
the  valley  of  Meadow  Creek,  the  following  rough  sequence  of  events 
may  be  provisionally  laid  down : 

1.  Deposition  of  the  Paleozoic  series  of  quartzites  and  limest-ones. 

2.  Elevation  of  this  series  to  a  land  mass  and  the  erosion  of  the 
rocks  to  produce  a  system  of  mountains  and  valleys.  This  was 
attended  bj'  little  or  no  folding. 

3.  Pouring  out  of  great  masses  of  white  biotite-rhyolite  (early 
Tertiary.) 

4.  The  formation  of  a  series  of  water-laid  rhyolitic  sandstones  and 
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tuflfs,  interlHHhied  with  thiu  sheets  of  rh^'olite  aud  rhyolite  breccias. 
This  whole  series  is  rouj^hly  estiiimkMl  at  4,000  feet  thick  and  at  the 
top  contains  relatively  more  tuffs,  while  at  the  bottom  there  are  rela- 
tively more  lavas.  Several  slight  unconformities  and  many  slight 
erosion  gaps  occur  in  the  series. 

6.  Folding  to  a  considerable  degree  of  the  whole  crust. 

0.  Explosive  eruptions  of  pyroxene-andesites  and  latites  of  mod- 
erate extent. 

7.  The  formation  of  a  siu'ies  of  water-laid  brown  volcanic  tuffs  or 
sandstones  and  breccias,  with  interbedded  quartz-bearing  volcanics, 
chiefly  dacites  and  reddish  rhyolites.  The  sandstones  were  I'elatively 
thick  at  the  l)ottom  of  the  series,  the  volcanics  at  the  top.  The  entire 
thickness  of  the  series  is  estimated  at  3,500  feet.  There  are  some 
petty  erosion  intervals. 

8.  General  folding,  comparatively  gentle. 

9.  Deposition  of  at  least  2,000  feet  of  brown  or  red  conglomerates 
and  soft  sandstones,  which  are  accompanieil  by  very  few  volcanic 
flows  and  so  are  distinct  from  the  j)receding  formations.  They  have 
remained  nearly  horizontal  and  are  probably,  in  large  part  at  least, 
lake  beds.     They  have  been  referred  to  the  Pliocene. 

10.  Drainage  of  the  Pliocene  lake,  erosion  and  slight  local  folding 
in  the  Pleistocene. 

11.  Outpouring  of  thin  sheets  of  rhyolite,  tordrillite,  and  pyroxene- 
olivine-basalt. 

12.  The  formaticm  of  a  snmll  amount  of  high  stream  gravels. 

13.  Cutting  down  of  the  canyon  bed  to  its  present  position. 

The  thickness  of  the  basal  rhyolite  is  not  known.  A  very  roughly 
estimated  section  of  the  overlying  formations  is  as  follows: 

Section  in  Meadow  Valley  Canyon. 

Fert. 

Rhyolite  tuff  aeries 4,000 

Andesite 600 

Red  lava  and  sandstone 3, 500 

Pliocene  sandstones  and  conglomerates 3,  ."WO 

Total-      .- 10,600 

Th(>*  succession  of  lavas,  so  far  as  can  l>e  made  out  in  this  confuseil 
section,  is  as  follows:  Biotite-rhyolite,  pyroxene-andesite,  biotite- 
hornblende-quartz-latite,  biotite-hornblende-dacite,  quartz-latite  or 
red  rhyolite  and  tordrillite,  pyroxene-olivine-basalt,  glassy  rhyolite 
or  tordrillite. 

MEADOW  VALLEY  RANGE. 

The  Meadow  Valley  Range  lies  opposite  the  Mormon  Range,  on  the 
west  side  of  Meadow  Valley.  It  is  comparatively  low  and  irregular. 
At  the  north  end  it  ptisses  into  the  Highland  Range  and  at  the  south 
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into  Las  Vegas  Range,  with  which  it  forms  a  V.     Near  this  point  it 
becomes  broader  and  divides  into  several  parallel  petty  ridges. 

SEDIMENTARY  ROCKS. 

The  Meadow  Valley  Range  is  composed  chiefly  of  stratified  rocks. 

CAMBRIAN. 

J'he  mining  camp  of  Delamar  is  situated  on  the  western  slope  of 
the  Meadow  Valley  Range.  According  to  Mr.  Emmons^  the  range 
here  consists  of  limestones  underlain  by  heavy  quartzites,  these  for- 
mations corresponding  to  the  Cambrian  quartzites  and  the  limestones. 
There  is  a  belt  of  shale,  as  at  Pioche.  These  rocks  are  continuous 
northward  into  the  Highland  Range,  but  on  the  east  are  overlain  by 
later  volcanics. 

CARBONIPKROUS. 

Along  the  road  which  crosses  the  range  from  Moapa  toward  Pah- 
ranagat  Valley  an  excellent  section  is  obtained.  The  rocks  are 
Paleozoic  limestones  and  form  two  synclinal  ridges,  with  an  interior 
anticlinal  valley  between.  The  eastern  part  of  the  section  con- 
sists of  rather  thin-bedded  limestone,  full  of  chert  nodules.  These 
apparently  overlie  the  strata  of  the  westernmost  ridge,  which  are 
dark-blue,  semicrystalline  limestones,  also  full  of  chert  nodules,  and 
containing  some  quartz  veins.  This  is  often  fetid,  and  is  more  mass- 
ive and  of  older  appearance  than  the  other  limestones  of  the  section. 

Where  the  road  cuts  through  the  low  eastern  ridge  the  follow- 
ing Upper  Carboniferous  fossils  were  found,  as  determined  by  Dr. 
Girty: 

Fnsulina  cylindrica. 
Archaeocidaris  sp. 
Productus  pratteniantiB. 
Productus  Bemireticnlatns. 

From  the  appai'ently  lower  rocks  of  the  western  ridge  the  following 
fossils  were  collected  (also  Upper  Carboniferous): 

Zaphrentis  sp. 
Productus?  sp. 
Spirifer  sp. 
Seminula  sp. 
Macrocheilina?  sp. 

Between  the  western  ridge  and  the  eastern  face  of  the  New  Moun- 
tains to  the  west,  which  are  an  important  branch  of  Las  Vegas  Range, 
a  low  ridge  runs  along  the  middle  of  the  valley,  joining  the  moi*e 
massive  mountains  on  the  south  at  the  angle  of  the  V.     This  ridge 


a  Oval  fommanication. 
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is  composed  of  fetid  thin-bedded  limestones,  like  those  just  described. 
The  following  fossils  were  found  by  Dr.  Girty  to  be  Upper  Carbon- 
iferous: .  ^ 

Fusnlina  cylindrica. 
Syringopora  multattenuata. 
Productus  semireticnlatus. 
Productus  prattenianns. 
Pleurotomaria  sp. 

PLIOCENE. 

The  Pliocene  of  the  southern  portion  of  Meadow  Valley**  ext-ends 
westward  and  forms  the  flanks  of  the  Meadow  Valley  Range,  abut- 
ting unconformably  against  the  upturned  Paleozoic  limestones.  The 
rocks  consist  of  horizontal  red  and  white  sandstones  and  occasional 
conglomerates,  varied  a  short  distance  east  of  Moapa  by  a  white  con- 
solidated volcanic  avsh.  The  Pliocene  strata  occupy  a  broad  belt 
running  north  and  south.  They  are  locally  slightly  folded,  dipping 
as  much  as  10°,  but  in  general  are  horizontal. 

On  the  west<*rn  side  of  the  range,  in  the  bay  between  it  and  the 
New  Mountains  and  Las  Vegas  Range,  the  same  Pliocene  sandstones 
occur. 

Some  distance  north  from  Moapa  and  just  northwest  from  Hack- 
berry  Spring,  as  seen  from  Meadow  Valley,  the  Pliocene  deposits 
seem  to  rise  along  the  flanks  of  the  Paleozoic  Range  until  they  occupy 
broad  areas  covering  the  limestones  on  the  summits  of  the  range, 
they  themselves  l)eing  capped  by  volcanics. 

IGNEOUS  ROCKS. 

In  the  northern  half  of  the  range  a  great  part  of  the  rocks  exposed 
at  the  surface  seem  to  be  volcanics,  undoubtedly  belonging  to  the 
Tertiary  and  Pleistocene  flows  already  described  in  Meadow  Valley 
Canyon.  They  probably  are  associat.ed  with  Tertiary  sediments 
derived  from  them,  like  the  beds  in  the  locality  mentioned. 

STRUCTURE. 

The  noHhern  end  of  the  range  seems  to  be  chiefly  volcanic,  from 
which  the  underlying  Paleozoics  emerge  in  places.  South  of  here 
appear  volcanics  and  associated  Tertiary  sediments,  and  the  main 
ridge  in  the  whole  southern  part  of  the  range  consists  of  folded  Paleo- 
zoic limestones.  The  structure  in  the  Paleozoic  limestones  consists 
of  open  parallel  anticlines  and  synclines,  generally  of  no  great  width 
or  depth.  North  of  the  valley  of  the  Muddy  the  central  ridge  is  syn- 
clinal, witli  an  anticline  closely  adjacent  to  it  oil  the  eastern  flanks 
of  the  ridge.     Irregularities  in  the  erosion  sometimes  bring  this  anti- 

aSee  descriptions  of  Mectdow  Valley  Canyon,  Mormon  Range,  and  Virgin  Range,  pp.  131, 
185,148. 
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cline  to  the  crest  of  the  ridge,  as  shown 
in  a  section  observed  northwest  of  Kane 
Spring.  Jnst  west  of  Grapevine  Spring, 
however,  the  syncline  forms  the  summit. 

South  of    Muddy   Valley,    on  the   road     * 
which    runs    westward    from    Moapa,    the     9 
brojidening  and  dividing  range  shows  two     ? 
principal  synclinal  ridges  with  an  interven-     ?  5 
ing  nonpersistent  anticlinal  valle3\     The     I  S 
syncline  of  the  westernmost  of  these  l*idges     |^  w 
appeal's  to  he  continuous  with  the  main  syn-     |  ^ 
clinal  ridge  farther  north.     Besides  these     s  » 
main   folds   several   petty  ones  were   ob-         a 
served  to  the  east  of  the  easternmost  large         ^ 
syncline,    consisting  of  slight  alternating         § 
anticlines  and    synclines.     In    the   whole 
section   no  less    than   six    adjacent  open     tc  I 
folds  were  observed,  the  synclines  gener-     g  | 
ally  forming  ridges,  the  anticlines  depres-     §  & 
sions.     West  of  the  westernmost  syncline,     ^  S" 
a  low  Carboniferous  ridge   in  the  valley     ^  | 
has  a  westerly  dip,  and   in    the   depres 
sion   between  it  and   the  synclinal  ridge     §  c 
is  an  anticline,  as  is  shown  in  the  moun- 
tains which  terminate  the  depression  be- 
tween the  two  ridges  a  few  miles  farther 
south  (fig.  20). 


d 


^ 


3  ? 


PAHROC  RANGE.  5    jj 

a  3 
The  Pahroc  is  a  comparatively'  short  |  <§. 
range  of  no  great  height,  lying  immedi-  ? 
ately  west  of  the  Highland  Range  and  ^ 
having  a  due  north-south  trend.  Its  length  ^ 
is  not  over  25  miles  and  its  width  not  • 
more  than  5  or  0  miles.  Only  the  north 
ern  part  of  the  range  was  seen  by  the  2 
writer,  and  that  from  a  distance  of  several 
miles. 

IGNEOUS   ROCKS. 


cc    to 


?? 


Mr.   Gilbert^'   reports   that    the    Pahroc     ^s 
Range,  on  the  road  from  Hiko  to  Pioche,  is     cr 

of  lava,  which  extends  a  number  of  miles  ^"^^ 

north  and  south.  ' 

«  U.  S.  Oeog.  Surv.  W.  One  Hundredth  Mer.,  Vol.  Ill,  p.  USJ. 
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SEDLMENTARV^  ROCKS. 

As  seen  from  tlie  north,  the  northern  end  of  the  range  is  made 
Up  of  stratified  rocks  of  mo<lerate4y  thick  bedding,  evidently  lime- 
stones. These  rocks  extend  for  some  distance  farther  south.  Judg- 
ing from  the  rm^ks  found  just  north  of  here,  in  the  low  hills  which 
have  been  descril>ed  as  forming  the  connection  between  the  Pahroo 
Range  and  the  southern  end  of  the  Egan  Range  a  shoi*t  distance 
northwest  of  Pioche,^  the  rociks  of  the  Pahroc  Range  thus  exposed  are 
perhaps,  in  part  at  least,  Devonian.  The  Silurian  may  possibly  be 
represented. 

STRUCTURE. 

The  limestones  which  constitute  the  northern  end  of  the  range  seem, 
when  viewed  from  a  distance,  to  be  bent  into  a  single,  regular,  anti- 
clinal fold,  which  strikes  parallel  to  the  north -south  trend  of  the  range. 
The  summit  of  the  range  appeal's  to  comprise  the  axis  of  the  fold,  and 
from  tliis  the  rocks  dip  on  both  sides  at  a  gentle  angle,  averaging 
about 15^ 

HIKO  RANGE. 

The  Iliko  Range  lies  next  southwest  of  the  Pahroc  Range,  with 
which  it  is  joined  at  several  points  by  low  connecting  hills.  It  has  a 
north-south  extent  of  about  30  miles,  and,  like  the  Pahroc  Range,  its 
general  tren<l  hardly  diverges  from  a  due  north-south  line.  On  the 
west  the  Iliko  Range  is  connected  by  a  series  of  hills  with  the  Pahran- 
agat  Range,  and  this  series  of  hills  continued  farther  west  connects 
these  ranges  with  the  Timpahute  Range  and  the  Worthington  Moun- 
tains.    Like  the  Pahroc  Range,  the  Iliko  Range  is  comparatively  low. 

SEDIMENTARY   ROCKS. 

Most  of  the  Iliko  Range  is  composed  of  limestone  of  Silurian  and 
Devonian  ages.  Mr.  Gilbert*  first  descril)ed  Silurian  fossils  from 
Fossil  Butte,  just  west  of  the  main  range.  Subsequently  Mr.  Wal- 
cotf  made  an  investigation  of  the  paleontology  here,  and  described 
many  species  of  fossils.  According  to  Mr.  Walcott  there  is  exposed 
in  Fossil  Butte  the  Pogonip  limestone  of  the  Eureka  series,  overlain 
by  the  Eureka  quartzite.  Near  Hiko  he  fomid  shaly  limestone,  over- 
lain by  arenaceous  limestone  carrying  a  Devonian  fauna. 

IGNEOUS  ROCKS. 

According  to  Mr.  (4ill)ert,''  there  are  a  few  small  bodies  of  lava  in 
the  range. 


n  See  description  of  Egan  Range,  p.  49. 

f>  V.  S.  Geog.  Surv.  W.  One  Hundredth  Mer.,  Vol.  IK,  p.  181. 

c  Mon.  U.  S.  Geol.  Survey  Vol.  XX,  p.  186. 

d  Op.  cit.,  p.  123. 
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STRUCTURE. 

Mr.  Gilbert^  found  iu  the  Hiko  Range  north  of  Fossil  Butte  a 
westerly  dip,  but  south  of  this  point  an  easterly  dip.  There  has 
been  no  folding,  and  therefore  there  is  a  scissors  fault  *  transverse 
to  the  range  at  about  this  point.  This  same  peculiar  structural 
feature,  according  to  Mr.  Gilbert,  is  characteristic  of  all  the  ridges 
west  of  here  as  far  as  the  Timpahute  Range. 

PAHRANAGAT   RANGE. 

The  Pahranagat  Range  lies  next  southwest  of  the  Hiko  Range, 
with  which  it  is  connected  at  its  northern  end  by  Fossil  Butte.  From 
here  it  extends  southward  in  a  general  south-southeasterly  direction 
for  about  40  miles,  where  it  is  separated  from  the  Arrow  Canyon 
Mountains  by  a  comparatively  short  transverse  stretch  of  desert 
valley.  The  highest  mountain  in  the  range  is  Quartz  Peak,  at  its 
northern  end. 

SEDIMENTARY  ROCKS. 

Mr.  Gilbert*^  found  Silurian  fossils  in  the  northern  end  of  the 
range.  Mr.  Walcotf  found  on  the  eastern  side  of  the  Pahranagat 
Range  limestones  which  he  regarded  as  possibly  belonging  to  the 
Lone  Mountain  series  of  the  Silurian.  In  Quartz  Peak,  just  west  of 
here,  he  found  a  line  exposure  of  Silurian  strata  comprising  the  fol- 
lowing divisions : 

Section  at  Quartz  Peak. 

Peet. 

Lone  Monntain  Niagara 535 

Lone  Mountain  Trenton - 515 

Enreka.-  - 400 

Pogonip  .   - - - 750 

Total - 2,200 

South  of  Quartz  I^eak  he  found  a  great  thickness  of  limestone, 
nearly  8,00()  feet  in  all,  broken  only  by  thin  beds  of  yellow  sandstone, 
the  heaviest  not  over  100  feet  in  thickness.  In  this  great  thickness 
of  limestone  he  found  no  lithologic  variation  suflScient  to  base 
divisions  upon.  From  the  fossils  contained  he  found  that  the  lime- 
stone ranged  from  Carlwniferous  through  the  Devonian  into  the 
Silurian.      It  was  impossible    to    draw    any    line  of    demarcation 

"  U  8.  Oeog.  Surv.  W.  One  Hundredth  Mer. ,  Vol.  III.  p.  39. 

(>The  writer  has  employed  this  term  thinking  that  it  was  already  in  use.  Mr.  Gilbert,  how- 
ever, who  has  examined  the  mannscript,  believes  that  the  term  is  original  here,  and  it  is  there- 
fore defined  as  a  fault  whose  movement  is  like  that  of  a  pair  of  scissors  when  opened,  there  being 
on  the  fault  plane  an  axis  where  the  differential  movement  Is  nothing,  while  on  one  side  of  this 
axis  the  movement  is  the  reverse  of  what  it  is  on  the  other.  Therefore  the  rocks  on  the  two 
sides  of  the  fauit  plane  will  acquire  tilts  in  opposite  directions. 

cOp.cit..pp  168,181. 

rfMon.  U.  8.  Oeol.  Survey  Vol.  XX, p.  196. 
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between  the  Silurian  and  Devonian,  but  dividing  the  rocks  as  well  as 
might  be  the  following  thicknesses  were  found: 

Feet, 

Carboniferous  . 2. 160 

Devonian 5, 400 

Silurian 1.000 

IGNEOUS  ROCKS. 

Mr.  Walcott  noted  occasional  outbursts  of  acidic  lavas  in  the  Pah- 
ranagat  Range,  and  Mr.  Gill)ert  describes  two  large  eruptions  of 
rhyolite,  one  at  the 'north  end  of  the  range  and  the  other  at  Logan 
Pass  at  a  <'ross  fault. 

STRUCTURE. 

According  to  Mr.  Gill^ert  the  cross  fault  above-mentioned  is  a  scis- 
scors"  fault,  having  such  differential  movement  that  all  the  strata  to 
the  north  acquired  a  westerly  dip,  while  those  to  the  south  are  tilted 
toward  the  east.  That  portion  of  the  range  which  lie,s  north  of  the 
cross  fault  is  divided  into  separate  north-south  ridges  by  noilh-south 
fault^s  whose  downthrow  has  been  uniformly  to  the  east.  South  of 
the  pass  the  strata  have  a  single,  monoclinal,  easterly  dip. 

ARROW  CANYON  RANGE. 

The  Arrow  Canyon  Range  hiia  not  been  visited  and  was  only  seen 
from  some  little  distance.  It  is  a  continuation  northward  of  that 
branch  of  Las  Vegas  Range  which  has  been  called  the  New  Mountains. 
It  has  a  general  northwesterly  trend,  parallel  with  the  main  west  arm 
of  Las  Vegas  Range,  and  has  a  length  of  more  than  20  miles.  On 
the  north  it  is  separated  from  the  Pahranagat  Range  by  a  nari*ow, 
transverse  valley. 

As  seen  from  several  points,  the  Arrow  Canyon  Mountains  ai*e  made 
up  of  stratified  rocks,  well  banded,  but  eroded  so  as  to  form  massive 
cliffs.  This  is  the  appearance  offered  by  the  heavy  Carboniferous 
limestone  of  this  region,  as  shown  just  south  of  here  in  the  New 
Mountains.  It  is  possible,  therefore,  that  the  bulk  of  the  range  is 
Carlx)niferous.  To  the  north  also,  in  the  Pahranagat  Range,  Carbon- 
iferous rocks  are  present  in  considerable  quantity. 

The  strike  of  the  strata  is  parallel  with  the  trend  of  the  range. 
Along  nearly  the  whole  of  its  A\'Bstern  side  the  rocks  are  seen  to  dip 
into  the  range  eastward  at  angles  of  from  15°  to  20°.  Farther  north 
an  area  of  apparently  horizontal  strata  can  be  distinguished;  so  that 
the  general  structure  of  the  range  may  be  synclinal,  corresponding 
to  that  of  the  New  Mountains  to  the  south,  or  it  may  be  a  general 
monocline  dipping  eastwardly,  like  the  Pahranagat  Range. 


a  See  p.  168  for  definition. 
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LAS  VEQAS  RANGE. 

Las  Vegas  Range  forms  an  irregular  group  in  the  central  portion 
of  southern  Nevada,  lying  just  east  of  another  irregular  group,  the 
Spring  Mountain  Range.  Las  Vegas  Range  has  hardly  any  definite 
form,  but  a  prolongation  on  the  northwest  gives  it  rather  the 
aspect  of  having  a  northwesterly  trend.  This  prolongation  forms  one 
arm  of  a  rough  V,  of  which  the  southern  portion  of  the  Meadow 
Valley  Range  forms  the  other,  the  two  uniting  in  a  rugged  cluster 
of  mountains  in  the  neighborhood  of  Gass  Peak.  '  Bisecting  the 
angle  of  the  V  is  a  high,  rocky  ridge,  which  was  not  delineated  on  the 
Wheeler  survey  maps,  and  which  the  writer  will  call,  for  the  purpose 
of  description,  the  New  Mountains. 

It  is  peculiar  that  so  prominent  a  ridge  should  have  escaped  map- 
ping, for  it  comprises  some  of  the  highest  mountains  in  the  southern 
part  of  the  State.  On  the  eastern  face  of  the  New  Mountains  is  a 
sharp  scarp  of  about  4,000  feet,  rising  from  the  foothills.  This  scarp 
is  often  perpendicular  for  great  heights,  and  is  apparently  inacces- 
sible. The  rocks  are  composed  of  massive  limestone,  beautifully 
banded.  To  the  north  the  New  Mountains  become  lower  and  are 
separated  from  the  Arrow  Canyon  Mountains,  which  are  really  a 
portion  of  the  same  general  range,  by  a  transverse  valley. 

The  southwest  face  of  Las  Vegas  Range,  facing  Las  Vegas  Valley, 
also  possesses  a  steep  slope,  reaching  45°  at  some  points. 

No  igneous  rock  whatever  was  found  in  Las  Vegas  Range. 

SEDIMENTARY  ROCKS. 
CAMBRIAN. 

From  a  jwint  about  6  or  7  miles  north  of  Mormon  Wells,  which  is  on 
the  wagon  trail  crossing  the  southern  portion  of  the  range  in  a  north- 
easterly direction,  south wai'd  probably  to  the  end  of  the  range,  the 
rocks  consist  chiefly  of  bristly  weathering  siliceous,  crystalline,  cherty 
limestone,  often  having  a  peculiar  mottled  structure,  which  is  proba- 
bly due  to  the  rock  having  been  originally  made  up  of  coral,  now 
recrystallized  and  unidentifiable.  This  rock  is  lithologically  identical 
with  Cambrian  limestones  in  the  Highland  Range  west  of  Pioche. 

On  the  divide  south  of  Mormon  Wells  there  are  found  thin,  brown 
and  red,  sandy,  and  limy  slates,  changing  to  thin-bedded  limestones. 
These  contain  fossil  remains,  which  are  determined  by  Mr.  Walcott 
as  belonging  above  the  OleneUus  zone  and  probably  to  the  Middle 
Cambrian.  Fragments  of  white  quartzite  were  found  in  the  drift  here, 
which  also  suggest  the  existence  of  Lower  Cambrian  quarzites  in  the 
mountains. 

The  same  ancient-appearing  limestones  are  continuously  exposed 
along  the  road  above  mentioned,  southwest  nearly  to  Las  Vegas  Val- 
ley.    At  this  point  they  give  way  to  the  underlying  Silurian. 
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Mr.  R.  B.  Rowe  noted  that  the  first  ridge  west  of  Sheep  or  Gass 
Mountain  (which  ridge  is  here  considered  the  northernmost  part  of 
Las  Vegas  Range)  consists  of  beds  of  dark-blue  and  gray  lime- 
stone, with  white  and  reddish  sandstone.  Fossils  collected  in  this 
locality  were  found  bj^  Dr.  Girty  to  be  chiefly  Devonian,  but  to  con- 
tain one  Cambrian  specimen.  Therefore,  probably  both  the  Cambrian 
and  the  Devonian  are  here  represented. 

SILURIAN. 

In  the  valley'  just  northeast  of  Gass  Peak,  at  the  locality  above 
mentioned,  occur  cherty,  blue-gray,  and  siliceous,  sometimes  green 
and  shaly,  limestonas  similar  to  those  of  the  Cambrian.  The  few 
fossils  obtained  from  these  rocks  are  regaixled  by  Mr.  Waleott  as  rep- 
resenting a  horizon  about  the  base  of  the  Pogonip  (Ordovician).  Mr. 
Waleott  determined  Orthw  jyerveta  (?)  and  the  t^ail  of  a  trilobite 
belonging  to  the  genus  Batliynras, 

From  this  point  to  the  northwestern  end  of  the  range  the  rocks 
appear  to  be  all  limestones,  of  the  same  ancient  character  as  those 
alremly  described,  as  specimews  obtained  here  and  there  show.  A 
similar  limestone  extends  still  farther  northwest  into  the  southern 
end  of  the  Desert  Range,  and  was  followed  continually  along  Las  Vegas 
Valley  to  Indian  Spring  in  the  Spring  Mountain  Range.  At  Indiaa 
Spring  Ordovician  fossils  were  found. 

About  0  miles  northeast  of  ('orn  Creek,  near  the  mouth  of  the  first 
important  canyon,  Mr.  R.  B.  Rowe  found  about  200  feet  of  dark 
blue  limestone,  containing  immense  numbei's  of  gasteropods  of  enor- 
mous size,  together  with  a  few  corals.  The  fossils  collected  by  Mr. 
Rowe  were  determined  by  Dr.  Girty  as  Ordovician. 

DEVONIAN. 

The  existence  of  Devonian  limestones  in  the  ridge  west  of  Sheep  or 
Gass  Mountain,  at  the  north  end  of  the  range,  has  already  been 
mentioned. 

CARBONIPKROUS. 

The  Cambrian  rocks  in  the  neighborhood  of  Mormon  Wells  are 
apparently  separated  by  a  heavy  east- west  fault  from  the  unnietamor- 
phosed  massive  blue  limestones  which  make  up  the  greater  portion  of 
the  New  Mountain  ridge  and  the  auxiliary  ridges  to  the  east.  In  one 
of  these  auxiliary  ridges  a  collection  of  fossils  was  obtained,  which 
were  found  by  Dr.  Girty  to  lie  Upper  Carboniferous.  No  north-south 
faults  were  determined,  and  the  gentle  folding,  resulting  in  slight, 
alternating  synclines  and  anticlines,  suggests  that  rocks  of  the  same 
horizon  make  up  the  New  Mountains  to  the  west. 

According  to  the  notes  of  Mr.  R.  B.  Rowe,  the  mountains  east  of 
Las  Vegas  contain  the  Lower  Carboniferous,  the  Carboniferous  red 
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beds,  and  the  Upper  Carboniferous  limestone,  so  far  as  can  be  seen 
from  Las  Vegas  ranch. 

From  Sheep  or  Gass  Mountain,  in  Las  Vegas  Range,  specimens  of 
Goniatites  were  brought  and  given  to  Mr.  Rowe.  The  fossils  seem  to 
come  from  a  soft  shale. ^ 

About  2  miles  west  of  Sheep  or  Gass  Mountain,  in  a  spur  of  that 
range,  about  5  or  6  miles  north  of  the  road  leading  from  Corn  Creek 
-to  Indian  Creek,  fossils  were  collected  which  were  determined  by  Dr. 
Girty  as  Upper  Carboniferous  or  Pennsylvanian,  and  in  the  same 
general  region  other  fossils  were  collected  which  were  determined  by 
Dr.  Girty  as  Lower  Carboniferous  or  Mississippian.  The  ridge  con- 
sists mainly  of  low  hills,  which  are  cut  extensively  by  canyons. 

Tertiary, — Mr.  R.  B.  Rowe's  notes  on  the  Tertiary  areas  follow. 
At  Las  Vegas  and  in  the  immediate  vicinity  there  are  white  beds  of 
probably  volcanic  ash.  From  the  valley  some  distance  west  of  Las 
Vegas  mastodon  teeth  were  collected.  About  midway  between  Com 
Creek  and  Tule  Springs  some  mastodon  teeth  and  bones  have  been 
found.     They  were  situated  in  a  clay  bank  some  10  or  15  feet  high. 

East  of  the  range,  at  the  summit  of  the  pass  between  Las  Vegas 
Valley  and  Muddy  Creek,  about  12  miles  east  of  Las  Vegas,  are 
red  and  yellow  Tertiary  beds  which  dip  toward  the  Colorado  River  at 
an  angle  ranging  from  4""  to  5°.* 

The  valley  between  Las  Vegas,  Tule  Springs,  and  Corn  Creek  seems 
to  be  filled  with  lake  deiK)sits.  About  Tule  Springs,  and  from  there 
up  the  valley,  are  probably  the  remnants  of  an  old,  dry  lake  bed  or 
playa.  The  deposits  do  not  have  the  appearance  of  the  Tertiary  lake 
deposits,  but  resemble  exactly  the  clay  deposits  in  the  present  dry 
lakes.  Underlying  these  is  a  gravel  or  talus  deposit.  The  eroded 
drv  lake  beds  extend  from  Corn  Creek  to  Indian  Creek. 

PLEISTOCENE. 

In  Las  Vegas  Valley  the  Tertiary  deposits  so  abundantly  exposed 
in  the  region  of  Meadow  Valley  are  hidden  beneath  Pleistocene 
accumulations.  This  valley  is  of  the  usual  type  of  the  desert  valleys 
of  Nevada,  with  gulch  dumps  fringing  the  mountains,  and  in  the 
center  a  nearly  level  area  of  hard  mud  flats,  or  a  playa.  There  has 
been  no  dissection  of  these  deposits  to  reveal  what  lies  beneath. 

STRUCTURE. 

The  general  folding  in  Las  Vegas  and  New  mountains  has  apparently 
resulted  in  a  rough,  shallow,  disturbed  northeast-southwest  striking 
syncline.    The  nearly  horizontal  area  in  the  central  portion  of  the  range 

a  These  may  be  the  same  as  some  specimens  of  Goniatites  received  by  Dr.  Girty  from  Mr. 
Rowe's  collection  after  the  death  of  Mr.  Bowe.  They  were  considered  by  Dr.  Girty  as  Lower  (?) 
Carboniferotis. 

ft  These  are  the  same  as  described  by  the  writer  under  the  head  of   '  Meadow  Valley  Range/* 
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belongs  in  the  trough  of  thesyncline,  while  at  the  northwestern  end  the 
dip  of  the  northwest  limb  of  the  fold  becomes  30°  or  45°  southeasterly, 
or  even  more.  The  syneline  is  succeeded  by  a  much  sharper  anti- 
cline along  the  narrow  valley  separating  the  Desert  and  Las  V^as 
ranges.  In  the  bfoad  central  portion  of  the  syneline  there  has  been 
in*egular  minor  folding,  chiefly  along  east- west  lines,  the  dips  gener- 
ally being  under  15".  At  the  southern  end  of  the  range  the  general 
strike  appears  to  l)ecome  east  and  west,  and  the  dip  alwut  20°  north.' 

The  main  fold  of  Las  Vegas  Range,  being  at  right  angles  to  the 
general  trend  of  the  mountains,  runs  across  I..as  Vegas  Valley  and  is 
probably  to  be  found  in  the  Spring  Mountain  Range  on  the  other  side, 
where,  indeed,  it  was  thought  to  have  been  identified  by  the  writer. 
Similarly,  the  various  parallel  ridges  of  limestone  which  run  trans- 
verse to  the  general  trend  of  the  range  are  broken  by  the  valley  and 
find  their  continuation  in  the  Spring  Mountain  Range  opposite.  Las 
Vegas  Valley,  therefore,  differs  from  the  most  ordinary  type  in  the 
Great  Basin  in  that  it  is  transverse  to  the  general  strike  of  the  rocks. 

In  the  region  north  of  Mormon  Wells  there  is  a  marked  change 
from  massive,  unaltered,  blue  limestones,  probably  belonging  to  the 
Carboniferous,  to  alU^red,  ancient-appearing,  crystalline  limestones, 
associated  with  shales  carrying  Cambrian  fossils.  The  areas  occupied 
by  these  different  rocks  may  l)e  easily  sketched,  since  the  erosion  of 
each  has  resulted  in  peculiar  forms.  The  Cambrian  rocks  have 
rounded  topography,  without  scarps  or  evident  structure,  and  weather 
brown,  while  to  the  north  the  blue-gray  Carboniferous  rocks  have 
sharp  scarped  outlines  with  perfectly  visible  stratification.  Inasmuch 
as  the  strike  of  the  folds  is  here  north  and  south,  which  carries  the 
Carl)oniferous  limestone  directly  into  the  Cambrian,  there  must  be  a 
fault  between  the  two  horizons,  and  this  fault  must  have,  as  sketched, 
a  direction  somewhat  north  of  west.  The  vertical  displacement  of  the 
fault  may  be  several  thousand  feet  and  has  results  in  a  downthrow 
to  the  north.  There  is  no  distinct  break  in  the  toiwgraijhy  along  the 
fault  line. 

The  bold  east  face  of  the  New  Mountains  suggests  a  more  recent 
heavy  fault,  to  whoso  displacement  the  scarp  may  perhaps  be  directly 
due. 

The  following  noti^s  on  the  structure  were  made  by  Mr.  R.  B.  Rowe: 

A  sketch  of  the  mountains  of  Las  Vegas  Range  east  of  Las  Vegas 
shows  a  constant  dip  of  about  40"^  to  the  east.  A  hypothetical  fault 
is  also  shown,  which  has  the  effect  of  bringing  up  the  lower  strata  on 
the  east  side. 

Near  Com  C'reek  the  rocks  strike  east  and  west  and  dip  uniformly 
30  °  to  the  north. 

As  has  been  noted,  there  is  apparently  a  series  of  old,  dry  lake 
deposits  in  Las  Vegas  Valley,  which  are  now  being  cut  into  by 
the  arroyos.  These,  taken  together  with  the  fact  that  the  surface 
rises  about  400  to  600  feet  between  Tule  Springs  and  Com  Creek 
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and  that  the  same  beds  rise  still  higher  beyond  Corn  Creek,  indicate  a 
comparatively  recent  elevation  of  the  upper  end  of  Las  Vegas  Valley. 
On  the  east  side  of  Las  Vegas  Range,  the  fact  that  the  Tertiary 
beds  dip  slightly  toward  the  Colorado  at  an  angle  of  4°  or  5°  suggests 
that  the  Las  Vegas  Range  has  been  slightly  raised  since  the  general 
elevation  of  the  region. 

TIMPAHUTE  RANGE. 

The  following  summary  of  the  Timpahute  Range  is  taken  from 
Mr.  Gilbert's  description. ** 

The  Timpahute  Range  lies  next  west  from  the  Pahranagat  Range 
and  immediately  south  of  the  Worthington  Mountains.  Its  general 
trend  is  a  little  east  of  north  and  its  length  about  30  miles.  The 
highest  portion  is  Timpahute  Peak,  near  the  southern  end.  • 

SEDIMENTARY   ROCKS. 

At  the  south  end  of  the  range  Mr.  Gilbert*  measured  a  thickness 
of  2,325  feet  of  strata  showing  the  following  section: 

Section  at  south  end  of  Timpahute  Range. 

Feet. 

1.  Heavy-bedded  gray  limestone,  light  and  dark 400 

2.  Yellow  argillaceous  shale: 

a.  Yellow  shale,  350  feet ^ 

b.  Yellow  sandstone,  75  feet -   I 

c.  Yellow  and  green  shale,  with  fillets  of  fossiliferons  limestone  | 

(Conocoryphe) ,  500  feet J 

3.  Purple,  ripple-marked,  vitreous  sandstone,  with  bands  of  siliceous  shale.  1, 000 

Total 2,335 

The  fossils  found  in  the  shales  above  the  basal  quartzite  fix  the 
formation  as  Cambrian,  and  the  basal  quartzite  is  the  same  as  the 
basal  quartzite  of  the  Highland  Range  Cambrian  section  and  also 
the  Prospect  Mountain  quartzite  at  Eureka.^ 

The  northern  portion  of  the  range  does  not  appear  to  have  been 
described.  Both  to  the  east  and  to  the  west  of  it,  in  the  Worthing- 
ton Mountains  and  in  the  Pahranagat  Range,  are  Silurian  rocks,  in 
part  Lower  Silurian.  It  is  probable,  therefore,  that  this  north  end  of 
the  Timpahute  Range  is  in  part  Silurian  and  in  part  also  Cambrian. 

IGNEOUS  ROCKS. 

According  to  Mr.  Gilliert,''  Timpahute  Peak  is  the  center  of  a 
massive  eruption  of  rhyolite,  which  connects  with  a  similar  eruption 
northeast  of  here  in  the  Pahranagat  Range  by  a  line  of  volcanic 
hills  which  runs  across  the  intervening  valley. 

aU.  8.  Ooog.  Surv.  W.  One  Hundredth  Mer.,  Vol.  III. 
ft  Ibid.,  p.  169. 

clbid.,  p.  181;  C.  D.  Walcott,  Bull.  U.  S.  Geol.  Survey  No.  3D,  p.  36,  Bull.  81,  p.  166:  Arnold  Hague, 
Mon.  U.  S.  Geol.  Survey  Vol.  XX,  pp.  4«,  1«9. 
'iOp.cit.,p  128. 
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STRUCTURE. 

The  volcanic  outburst  at  Timpahute  Peak,  accordingf  to  Mr.  Gil- 
bert,^ is  on  the  line  of  a  scissors  fault,  which  has  so  displaced  the 
strata  that  to  the  north  of  this  fault  they  dip  uniformly  west  while  to 
the  south  they  dip  uniformly  east.  This  fault  is  on  the  same  line  as 
a  similar  fault  northeast  of  liere  in  the  Pahranagat  Range,  and 
another  still  farther  northeast  in  the  Iliko  Range,  and  in  eai^h  of 
these  ranges  the  peculiar  tilting  of  the  strata  above  noted  is  found. 
In  the  Timpahute  Range  the  sedimentary  rocks  south  of  the  line  of 
faulting  are  separated  by  north-south  vertical  faults  which  have  a 
uniform  downthrow  to  the  west.  Mr.  Gilbert  gives  a  section  of  the 
range  showing  this  structure. 

ORE   DEPOSITS. 

In  the  Cambrian  shales  at  the  southern  end  of  the  range,  according 
to  Mr.  Gilbert,*  are  metalliferous  veins. 

DESERT  RANGE. 

The  Desert  Range  is  somewhat  irregular  and  of  moderate  height. 
It  is  divided  into  two  branches  by  an  interior  valley  which  reaches 
northward  from  the  north  end  of  the  Spring  Mountain  Range.  At 
its  north  end  the  Desert  Range  passes  into  the  valley  which  sepa- 
rates the  Timpahute  from  the  Pahranagat  Range. 

SEDIMENTARY   ROCKS. 

The  south  end  of  the  Desert  Range  was  visited  by  the  writer.  It 
consists  of  altered,  crystalline,  light-gray  limestone,  brown  weather- 
ing, often  full  of  rounded,  detrital  quartz  grains.  There  are  also 
beds  of  black,  dense  limestone.  Similar  limestx>ne  contains  Ordovi- 
cian  (Pogonip)  fossils  in  the  western  part  of  Las  Vegas  Range.  This 
limestone  series  can  be  distinguished  extending  northward  fully  half- 
way t^>  the  end  of  the  range,  at  least  20  miles.  It  is  possible  that  it 
may  contain  some  of  the  ('ambrian  limestones  which  are  hardly 
separable  lithologically  from  the  overlying  Silurian. 

Mr.  F.  B.  Weeks'"  followed  along  the  west  side  of  the  range  and 
crossed  the  north  end,  at  Mud  Spring,  in  1000.  He  found  the  bulk 
of  the  range  to  consist  of  stratified  rocks,  which  he  was  inclinetl  to 
consider  as  Silurian  and  Devonian,  while  on  the  north  end  these 
strata  are  replaced  by  volcanic  rocks. 

The  following  notes  were  made  In'  Mr.  R.  B.  Rowe:<^ 

SU.URIAN. 

About  S  or  0  miles  northeast  of  Indian  Creek,  in  the  first  range  on 
the  west  side  of  the  dry  lake  which  lies  east  of  Indian  Creek,  and  al>ODt 


"  U.  S.  Geog.  Surv.  W.  One  Hundredth  Mor.,  Vol.  Ill,  pp.  88,  J 

/»Ibid.,p.  181. 

*•  Personal  communication  to  the  writer. 

rf  Taken  from  his  notebooks  after  his  death  by  the  writer. 
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4  miles  north  of  the  road  from  Indian  Creek  to  Corn  Creek,  the  section 
consists  chiefly  of  dark-blue  limestone,  with  light-blue  arenaceous 
limestones  and  shaly  limestones  with  chert  layers.  There  are  also  a 
few  layei-s  of  white  sandstone,  I'esembling  quartzite.  Fossils  collected 
were  regarded  by  Mr.  Rowe  as  Ordovician,  and  his  impression  was 
corroborated  by  Dr.  Girty's  examination. 

The  rocks  4  miles  east  of  Indian  Creek  are  light-gray,  arenaceous, 
and  dark-blue  limestones,  with  layers  of  chert  and  M'hite  sandstone, 
which  is  nearly  a  quartzite,  as  it  is  farther  east.  These  rocks  were 
regarded  by  Mr.  Rowe  as  probably  Lower  Silurian. 

DEVONIAN. 

About  3  miles  northeast  of  Indian  Creek,  in  low  hills  south  of  the 
road  leading  to  the  lower  end  of  Pahranagat  Valley,  and  north  of  the 
road  to  Corn  Creek,  fossils  were  found  in  loose  blocks  of  dark-blue 
limestone.  These  were  I'eganled  by  Mr.  Rowe  as  Middle  Devonian, 
and  were  determined  by  Dr.  Girty  as  probably  Lower  Devonian. 

STRUCTURE. 

At  its  southern  end  the  range  is  separated  on  the  southwest  from 
Las  Vegas  Range  by  a  narrow  anticlinal  valley,  the  rocks  of  the  Desert 
Range  dipping  northwest  on  the  northwest  limb  of  the  fold.  The 
general  strike  here  is  northeast,  and  a  series  of  parallel  ridges  has 
been  eroded  parallel  to  the  strike.  The  dip  continues  in  the  same 
direction  as  far  as  the  interior  valley  dividing  the  two  chief  branches, 
but  becomes  flatter,  and  the  strike  swings  around  more  toward  the 
north.  On  the  western  branch  of  the  range,  as  seen  from  the  south, 
the  rocks  are  partly  horizontal  and  partly  strike  a  little  east  of  north 
and  dip  uniformly  west  at  angles  not  exceeding  15°. 

The  valley  lying  between  the  ridge  lying  west  of  Sheep  Mountain 
and  the  range  next  west,  or  between  Las  Vegas  Range  and  the  Desert 
Range,  was  regarded  by  Mr.  Rowe  as  anti(*linal  in  structure. «  The 
mountains  on  the  two  sides  dip  in  opposite  directions.  On  the  west- 
em  side  Ordovician  fossils  were  found ;  on  the  eastern  side  Carbonif- 
erous and  Cambrian.  There  are  probably  large  and  numerous  faults 
concealed  by  the  talus.  There  is  a  great  deal  of  plainly  observable 
faulting  at  right  angles  to  the  strike.  These  faults  are  generally  not 
large,  but  are  abundant.* 

REVEILLE  RANGE. 

The  Reveille  Range  is  separated  on  the  north  from  the  Pancake 
Range  by  a  narrow  transverse  gap  at  Twin  Springs.  It  extends 
southeastward  from  here  a  distance  of  about  60  miles,  running 
obliquely  across  to  the  Timpahute  Range. 


a  This  i«  the  mme  anticlioAl  valley  that  was  previotwly  observed  by  the  writer  (aee  above) 
(J.  E  &.). 
6 This  whole  paragraph  in  from  Mr.  Rowe's  notes. 

Bull.  208—0:3 11 
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TOPOGRAPHY. 

The  ranj^e  is  somewhat  irregular  in  it«  course  and  extent,  which 
arises  from  its  being  made  up  largely  of  volcanic  outbursts.  This 
also  accounts  for  the  prevalent  type  of  topography,  which  is  similar 
to  that  of  the  Pancake  Range  to  the  north,  showing  low  peak3  and 
broad,  gently  sloping  mesas,  which  are  sharply  cut  into  by  the  valleys 
eroded  since  the  period  of  lava  effusion.  At  one  or  two  points,  how- 
ever, such  as  that  near  the  old  mining  camp  of  Reveille,  patches  of 
older  Paleozoic  strata,  and  of  older  volcanics  than  those  which  form 
the  mesa-like  forms,  emerging  from  the  younger  lavas,  offer  a  series 
of  shaq),  irregular  peaks  and  better  developed  valleys. 

SEDIMENTARY   ROCKS. 

According  to  Mr.  Gilbert,'*  the  Paleozoic  strata  which  form  the  core 
of  the  Reveille  Range  are  exi)osed  at  but  two  points,  one  at  Reveille 
and  the  other  00  miles  farther  south.  In  both  these  eases  the  rocks 
dip  to  the  west,  tlie  dip  being  steeper  at  the  moi*e  southern  exposure. 
At  Reveille  the  strata  are  of  limestone  and  quartzite. 


la  » 


.Horizontal  and  vcriical  »caU  ., 

Fio.  21.— Generalized  sketirh  rr<»s  stH'tion  of  Reveille  Range  near  Reveille. 

1.  Paleozoif  (Cambrian)  quartzite  (la)  and  limestone  (lb).      4.  Rhyollte  sandstone. 

2.  Rhyolittv  5.  Olivine-basalt. 

:i.  Porphyry  dikes.  6.  Valley  wash  (Pleistocene). 

The  more  northerly  locality  was  visited  by  the  writer,  and  so  far  as 
a  hasty  examination  could  determine,  the  lowest  formation  seems  to 
be  a  hard  white  quartzite,  surmounted  by  a  dark-blue  massive  lime- 
stone, much  altered  and  carryinjr  only  indeterminable  fossils.  As 
seen  from  Reveille,  the  mountain  to  the  east  seems  to  have  at  it«  base 
about  1,500  feet  of  quartzite,  capped  by  2,000  feet  of  limestone.  The 
strike  is  north  and  south,  the  dip  W.  15°  or  20°.  If  the  section  is 
actually  as  supposed,  the  rocks  can  hardly  be  other  than  the  Cam- 
brian quartzite  and  limestone  of  the  Eureka  section.* 

The  strata  are  travei-sed  by  many  porphyry  dikes,  probably  con- 
nected with  the  rhyolitic  outbui*sts.  The  rhyolit^  wraps  around  these 
limestone  mountains  in  such  a  way  as  to  show  that  they  were  already 
sharp  peaks  previous  to  the  pouring  out  of  the  lava  (fig.  21). 

nil.  S.  Ot»og.  Siirv.  W.  Ono  hundredth  Mer.,  Vol.  Ill,  p.  37. 

bibid.,  p.  179,  Mr.  Gilljort  cites  Prof.  J.  J.  Stevenson  a.s  having  recognized  Carboniferous  rocks 
at  Reveille.  In  view,  however,  of  the  confusion  of  Carboniferous  and  older  rocks  at  this  period 
(several  other  Cambrian  areas  having  lieen  i*ef erred  to  the  Carboniferous)  and  in  view  of  the 
fact  that  the  lithology  of  the  region  is  that  typical  of  the  Cnmbi-ian  hero,  but  probably  not 
characteristic  of  the  Carboniferous,  the  writer  has  decided  to  retain  in  the  mapping  the  Cambrian 
color. 
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TERTIARY. 

In  the  transverse  cut  across  the  northern  end  of  the  mountain  range 
at  Twin  Springs  the  section  consists  of  volcanic  rocks  and  water-laid 
tuffs  and  gravels  derived  from  them.  At  the  base  of  the  section  is 
altered  biotite-rhyolite,  and  above  comes  about  0()0  feet  of  white 
rhyolitic  sandstone.  This  is  <;apped  by  100  feet  of  rhyolitic  tuffs  and 
gravels,  surmounted  by  about  100  feet  of  augite-oli vine-basalt. 

IGNEOUS  ROCKS. 

As  already  stated,  most  of  tlie  range  is  made  up  of  igneous  rocks. 
Those  which  out(^rop  most  ui)on  the  surface  appear  to  b(?long  to  the 
later,  more  basic  lavas,  of  which  the  augite-olivine-basalt  at  Twin 
Springs  is  a  member.  This  same  basalt  is  found  on  the  east  of  the 
higher  mountains  between  Twin  Springs  and  Reveille.  Beneath  this 
basic  lava,  however,  the  older  biotite-rliyolite  frequently  comes  to  the 
surface  and  is  distinguishable  by  its  more  rugged  topogi'aphy. 

RELATIVE    AGE  OF   IGNEOUS   ROCKS. 

In  the  section  at  Twin  Springs  it  is  shown  that  the  rhyolite  is  older 
than  the  basalt.  Between  Twin  Springs  and  Reveille  the  intervening 
series  of  tuffs  disappeai*s  with  increasing  elevation,  and  the  basalt 
mantles  around  the  base  of  craggy  rhyolite  eminences  in  su<»h  a  way 
as  to  show  that  they  were  already  mountains  In^fore  the  l)asalt 
appeared.  The  disappearance  of  the  intervening  tuffs  also  suggests 
that  the  higher  rhyoliU^  peaks  were  mountains  in  the  lakes  in  which 
the  rhyolitic  tuffs  were  laid  down. 

ORE   DEPOSITS. 

In  the  vicinity  of  Reveille  are  mines  which  formerly  were  very 
profitable,  but  which  are  now  almost  entirely  deserted.  The  mines 
are  situated  in  a  patch  of  limestcme  and  quartzite  surrounded  by 
volcanic  rocks,  and  the  ores  pro])ably  have  genetic  connection  with 
the  dikes  which  traverse  thci  sedimentaries. 

BELTED    RANGE. 

The  Belted  Range  runs  southward  from  the  Reveille  Range  and 
forms,  in  its  southern  part,  the  eastern  boundary  of  the  Amargosa 
Desert.  It  is  somewhat  irregular,  but  has  a  general  north-south 
trend.  At  its  northern  end  it  is  separated  from  the  Reveille  Range 
by  a  slight  interval  of  low,  lava-covered  country,  while  at  its  south 
end  it  is  separated  from  the  low  mountains  lying  north  of  I^ahrump 
Valley  by  a  considerable  interv^ening  area  of  Pleistocene  subaerial 
deposits.  Its  name  has  probably  been  given  to  it  on  account  of  the 
horizontal  banding  visible  for  a  long  distance  on  its  steep  sides. 
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SEDIMENTARY   ROCKS. 
CAMBRIAN. 

The  Belt^^d  Range  whs  crossed  by  Mr.  Gilbert  during  his  recon- 
naissance for  the  Wheeler  survey.  lie  notes  that  at  White  Bluff 
Spring  and  for  several  miles  southward  the  range  shows  an  axis  of 
quartzite.*  This  he  regards  as  the  same  formation  as  a  similar 
quartzite  recognized  in  the  Timpahute  Range,  which  is  of  Cambrian 
age. 

The  whole  southern  portion  of  the  range,  as  seen  from  the  south,  is 
of  stratified  rocks,  apparently  chiefly  limestones.  It  is  probable  that 
this  i>ortion  of  the  range  forms  a  part  of  the  general  Cambrian- 
Silurian  area,  which  includes  part  of  the  northern  end  of  the  Spring 
Mountain  Range,  a  large  portion  of  Las  Vegas  Range,  and  at  least 
the  southern  end  of  the  Desert  Range. 

IGNEOUS  ROCKS. 

VOLCANIC   ROCKS. 

Mr.  Gilbert*  found  that  near  White  Bluff  Spring  the  principal  mass 
of  the  range  was  of  lavas,  which  nearly  hid  the  Paleozoic  axis.  These 
lavas  stretch  northeastward  and  connect  with  those  of  the  Reveille 
Range,  and  also  extend  westward,  forming  low  mountains,  which 
divide  the  Ralston  Desert  from  the  Amargosa  Desert.  In  these 
mountains  Fortymile  Canyon  is  cut.  They  extend  westward  at  least 
as  far  as  Oasis  Valley,  which  is  the  head  of  the  Amargosa  River;  and 
they  stretch  northward  over  the  whole  of  the  Ralston  Desert.*^ 

STRUCTURE. 

The  probable  structure  of  the  Paleozoic  southern  portion  of  the 
range  could  only  l)e  uncertainly  made  out  from  a  distant  view.  In 
general,  however,  the  rocks  appear  nearly  horizontal,  but  they  some- 
times dip  as  much  as  15°  at  least.  The  general  strike  is  parallel  with 
the  trend  of  the  range. 

SPRING  MOUNTAIN  RANGE. 

The  Spring  Mountain  Range  is  an  exceedingly  irregular-shaped 
group  of  mountains,  lying  southwest  of  Las  Vegas  Range,  and  sepa- 
rated from  the  Kingston  Range,  farther  south,  by  the  Pahrump 
Valley.  The  general  trend  of  the  range  is  northwest  and  southeast, 
and  its  length  in  this  direction  is  about  60  miles,  and  at  its  northern 
end,  in  the  neighborhood  of  Charleston  Peak,  the  total  width  is  as 
much  as  30  miles.  This  peak  constitutes  the  highest  portion  of  the 
range,  l>eing  10,874  feet  above  the  sea,  and  is  a  conspicuous  landmark. 
This  range  is  divided  into  numerous  ridges,  which  run  in  many  dif- 


«  U.  8.  Geog.  Surv.  W.  One  Hundredth  Mer  ,  Vol.  Ill,  p.  IHH.  b  ibid.  «?  See  p,  182. 
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ferent  directions  without  much  visible  system.  At  at  least  two  points 
at  the  northern  base  of  the  range  there  occur  warm  springs,  namely, 
Indian  Spring  and  the  spring  at  White's  ranch  in  Pahrump  Valley 
This  is  interesting,  since  the  range  contains  few  igneous  rocks. 

SEDIMENTARY  ROCKS. 
CAMBRIAN. 

The  north  end  of  the  range  was  traversed  from  Indian  Spring 
southwest,  by  way  of  Hornet  Spring,  to  White's  ranch.  At  Indian 
Spring  are  limestones  carrying  Lower  Carboniferous  fossils,  as  deter- 
mined by  Dr.  Girty.  Following  up  the  canyon  which  leads  southward 
to  Hornet  Spring  a. great  thickness  of  limestones  was  passed  through, 
all  striking  a  little  north  of  east,  parallel  in  general  with  the  north 
end  of  the  range,  and  dipping  northward  at  angles  varying  from  20° 
to  65°.  The  limestone  is  all  thin  bedded.  North  of  the  summit  of 
the  pass  comes  in  a  thin  bed  of  vitreous  quartzite.  At  the  summit 
is  a  thick  white  vitreous  quartzite,  often  coarse  and  nearly  conglom- 
erate, beneath  the  limestone.  Just  south  of  the  summit  there  is  an 
east-west  fault  which  cuts  off  the  quartzite  and  again  brings  down 
the  limestone  into  the  section.  In  this  limestone,  at  a  point  half  a 
mile  south  of  Hornet  Spring,  were  found  abundant  fossils,  which 
have  been  determined  by  Mr.  Walcott  to  be  Cambrian,  probably 
Middle  Cambrian.  These  fossils  are  in  blue-gray  semicrystalline 
limestone  like  that  found  above  the  quartzite  north  of  the  fault.  It 
is  probable,  therefore,  that  some  of  the  limestones  exposed  in  ascend- 
ing the  canyon  north  of  the  summit  belong  to  the  Cambrian,  and  that 
these  pass  upward  into  the  Lower  Carboniferous  limestones  at  Indian 
Spring  without  an}'^  marked  stratigraphic  or  lithologic  break.  The 
white  quartzite  at  the  summit  is  also  probably  Cambrian,  since  it 
underlies  the  limestones. 

The  thickness  of  the  section  shown  north  of  the  fault  has  been 
estimated  at  about  17,000  feet,  of  which  an  estimated  thickness  of 
2,000  feet  may  be  taken  for  the  quartzite,  leaving  15,0(X)  feet  for  the 
limestones. 

The  Cambrian  limestones  near  Hornet  Spring  are  continuous  only 
a  short  distance  south,  when  they  give  place  abruptly  to  Carbonif- 
erous limestones,  the  two  being  apparently  separated  by  an  east- west 
fault,  parallel  with  and  only  some  3  miles  south  of  the  one  already 
mentioned.  From  this  point  to  the  southern  end  of  the  range  it  'is 
probable  that  no  Cambrian  rocks  are  exposed,  since  Carboniferous 
fossils  are  found  at  many  points. 

Mr.  R.  B.  Rowe's  notes®  on  the  Cambrian  may  be  summarized  as 

follows: 

About  7  miles  south  of  Indian  Spring,  in  a  high  range  of  hills, 
wei*e  found  greenish-yellow  shales,  with  thin,  dark  sandstone  bands 

a  Made  in  1900-1901.    Taken  from  his  notebooks,  after  his  death,  by  the  writer. 
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containing  trilobito  and  linfs^uloid  shells.  These  were  underlain  by 
brownish  massive  limestone,  containing  great  numbei's  of  trilobita 
remains.  These  Cambrian  ro<»k8  appear  to  l>e  directly  overlain  by 
dark-blue  and  gray,  probably  ('arlK)niferous,  limestones.  The  dip  of 
the  Cambrian  rocks  is  due  north,  while  that  of  the  CarlH)niferous  is  to 
the  south,  suggesting  .lU  unconformity,  although  the  two  formations 
are  divided  by  a  covered  wash  2^  miles  wide.  The  Cambrian  may  be 
separated  from  the.CarlKmiferous  here  b}' a  fault  or  by  an  uncon- 
formity. 

In  the  whole  Spring  Mountain  Range  nothing  was  found  between 
the  Cambrian  and  the  Carboniferous  suggesting  a  hiatus  between  the 
two  peri<Mls. 

On  tlie  south wt^st  side  of  a  traverse<l  line  from  Indian  Ci-eek  to  Tule 
Springs  (on  the  east  side  of  Las  Vegas  Range),  from  a  distance 
about  5  miles  east  of  Indian  Creek  to  al)out  5  miles  west  of  Com 
Creek,  the  low  hills  near  the  valley  are  Cambrian,  and  prolmbly  some 
on  the  north  side  of  the  valley  also.  Al>out  G  or  7  miles  southwest  of 
Corn  Creek,  on  the  south  side  of  the  valley,  there  is  apparently  a 
fault,  bringing  the  Cambrian  against  what  is  probably  the  Carbon- 
iferous {f}^.  2 J).  The  Cambrian  comprises  a  number  of  parallel 
ridges,  with  stt^ep  south-facing  escarpments  and  with  strata  dii)ping 
north.     Ht'tween  the  ridgt^s  is  a  (»overing  of  talus. 

CARBONIFEROUS. 

At  Indian  Spring  Lower  (Carboniferous  fossils  were  found  in  a  black, 
fetid,  semicrystalline  limestone  with  brown  sandy  l)eds.  They  were 
detennined  by  Dr.  (lirty  as  follows: 

Ptilodictya  sp. 
(^honetea  sp. 
Prodnotua  cf.  moaialis. 
Ortbothetcs  n.  hj). 

Dr.  Girty  remarks  that  this  fauna  can  not  with  certainty  be  placed 
in  the  Lower  (Carboniferous,  tlunigh  it  is  probably  of  that  age. 

These  rocks  probably  constitute  a  relatively  narrow  strip  at  the 
northern  end  of  the  range,  an<l  are  succeeded  on  the  south  by  older 
strata,  as  above  described. 

A  few  hundred  yards  south  of  the  ranch  at  Indian  Spring  the  fol- 
lowing Carboniferous  fossils  were  collected  by  Mr.  F.  B.  Weeks,  in 
1(K)0,«  and  wore  determined  by  Dr.  Girty: 

Zaphrentis  sp.  Productns  cf.  P.  Itevicosta. 

Rhiindomella  owenL  Spirifer  keokuk. 

Orthothetes  inaeqiialis.  Spirifer  near  neglectns. 

Pr<Klnctella  concentrica  ?  Seiuinula  hnmilis. 

Prodnctus  burlingtf)nensia.  Camarotopchia  sp. 
Prodnctns  semireticulatus. 


a  Personal  cominuni<*ati(m  to  the  writer. 
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At  the  same  locality  Mr.  R.  B.  Rowe^  noted  and  collected  Lower 
Carboniferous  fossils.  The  rock  is  massive  and  cherty  Idue  and  gray 
limestone,  with  reddish  and  yellowish  slialy  and  arenaceous  layers. 
The  section  is  as  follows  from  the  top  downward : 

Section  near  Indian  Springs, 

1 .  Massive  cherty  hlne  limestone,  poor  in  fossils.    Thickness  unknown. 

Unconformity. 
3.  Red  shales  with  thin  hands  of  blue  limestone  and  yellowish  calcareous  sand- 
stone, about  300  feet.    Lower  Carboniferous  fossils. 
3.  Massive  blue  limestone  filled  with  crinoids  and  corals.     Thickness  unknown. 

Fossils  collect<3d  from  the  red  shales  underlying  the  upper  blue 
limestone  unconformably  were  determined  by  Dr.  (iirty  to  be  Upper 
Carboniferous  or  Pennsylvanian,  rather  than  Lower  Carboniferous. 
Therefore  the  line  between  Upper  and  Lower  Carboniferous  lies 
between  2  and  3. 

About  half  a  mile  south  of  Indian  Creek,  fo.ssils  collected  by  Mr. 
Rowe  from  the  rocks  that  apparently  underlie  the  red  beds  from 
which  the  Upper  Carboniferous  fossils  were  taken,  were  found  by 
Dr.  Girty  to  l)e  Lower  Carboniferous  or  Mi.ssissippian. 

About  7  miles  south  of  Indian  Creek,  the  following  Carboniferous 
section  was  found  b}'  Mr.  Rowe,  overlying  the  Cambrian.  The  sec- 
tion is  given  from  the  top  down. 

Section  7  miles  south  of  Indian  Creek, 

1.  Massive  dark-blue  limestonv'^,  weathering  rough,  and  containing  white  calcite 

spots. 

2.  Light-gray,  massive,  unfossiliferous  limestone. 

3.  Massive  dark-blue  limestone,  like  No.  1. 

About  3  or  4  miles  south  of  Hornet  Spring  fossils  are  found  in  yellow- 
weathering,  blue,  shaly,  argillaceous,  cherty  limestone,  which  lies  to 
the  south  of  the  thin-lwdded  Cambrian  limestone,  and  is  not  readily 
separable  from  it  in  the  field.  In  this  yellowish,  shaly  limestone 
FnsuUna  cyluidrica  was  found,  and  the  horizon  was  therefore  deter- 
mined by  Dr.  Girty  as  Upper  Carboniferous.  Southward  from  here, 
as  far  as  the  point  where  the  road  entei*s  the  foothills,  the  rocks  are 
all  similar  thin-bedded  limestones. 

To  the  east,  (Charleston  Peak  and  the  high  ridge  south  of  it  are 
formed  of  massive  limestone,  which  has  all  the  appearance  of  belong- 
ing to  the  great  Carboniferous  series.  Mr.  Turner  has  informed  Jh© 
writer  that  Carboniferous  fossils  have  actuallj^  been  found  on  Charles- 
ton Peak  by  surveyors. 

On  the  east  side  of  Charleston  Canyon  Mr.  Rowe*  noted  that  the 
range  seemed  to  be  made  up  of  Carboniferous  limestone.  Well  down 
in  these  strata  some  fossils  were  found,  chiefly  Fiisuliud.  The  rocks 
are  light-gray  arenaceous  limestones,  containing  considerabh*  chert. 


a  Taken  from  Mr.  Rowe's  notebooks  of  1900  and  1901,  after  his  death,  by  the  writer, 
fr  Notebooks.    See  above. 
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Fossils  collected  by  Mr.  Rowe  wei'e  identifieil  by  Dr.  Girty  as  Penu- 
sylvanian  or  Upp(*r  Carboniferous. 

In  the  foothills  of  the  ranjj:e,  just  east  of  White's  ranch,  in  Pahruinp 
Valley,  a  collection  of  Lower  (^arl>oniferous  fossils  was  obtained,  as 
detennined  by  Dr.  GiHy: 

Ziaphrentis  sp.  Spiriferina  sp. 

Aulopora  sp.  Athyris  lamellosa. 

Fenestella  sp.  Seminnla  sp. 

Leptaena  rhomhoidalis.  Rhynchonella  sp. 

Chonetesplanambonns?  Beyrichia  sp. 

Productns  cf.  mesialis.  Phillipsia  sp. 
Spirifer  cf.  grimesi. 

About  7  miles  north  of  the  above  locality  the  rocks  are  also  Carbon- 
iferous, accordinji^  to  a  note  supplied  by  Mr.  Turner.  Fossils  were 
collected  by  Mr.  F.  C.  Boyce  from  near  Fremont  Wash,  7^^  miles 
north-northeast  of  Manse  post-office  (White's  ranch).  On  these  Mr. 
Schuchert,  of  the  United  States  National  Museum,  reported: 

The  fossils  ♦  ♦  »  are  of  Carboniferous  age.  There  are  two  species  of  Za- 
phrentia,  a  Syringopora  near  niultati.'nuata  and  a  Spirifer  fragment  too  small  for 
determination. 

South  of  Manse  the  range  was  not  visited  by  the  writer,  but  he 
observed  that  the  same  series  of  rocks  extended  east  and  south  for  a 
number  of  miles.  Mr.  Gilbert,  however,  observed  Carboniferous  rocks 
east  and  south  of  here,  at  Cottonwood  Spring"  and  at  Olcott  Peak.* 
At  the  first-named  locality  Mr.  (Till>ert  made  the  following  section: 

Sectio}i  at  Cott on u'o<ul  Spring. 

Feet. 

1.  Massive  red  and  yellow  sandstone: 

a.  Yellow,  250  feet ..., 

b.  Red,  150  feet : 

c.  Yellow,  200  feet 

d.  Red  and  shaly,  400  feet 

2.  Bedded,  fine-grained  to  saccharoid  limestone,  gray  and  cream -colored; 

beds  separated  by  shaly  layers  so  as  to  weather  in  steps.  [Phillipsia 
(f),  Maerocheihis  (non  des.),  Naticopsis,  Aviculopecten,  Avicula,  Meek- 
ella,  Myalina,  Prodnctus  seinireticidatus,  Spirifer  lineatuSy  Athyris 

subtilita^  Synoeladia] _ .500 

S.  Massive  gypsum,  white  and  re<l,  in  lenticular  masses ^ 0  to  TO 

4.  Gray,  massive,  cherty  limestone: 

a.  Limestone  [Meekella,  Profluctus,  Chceteies,  Syringopora] ,  250  feet.  1 

Ik  Unseen;  red  (shale  ?) ,  25  feet [        475 

c.  Limestone,  200  feet J 

5.  Friable  sandstone,  in  places  shaly  or  marly;  variegated  with  biilliant 

iron  colors 350 


1,000 


Total 2.395 

The  fossils  here  show  that  the  rocks  of  the  section  are  Upper  Car- 
boniferous. At  Olcott  Peak  the  fossils,  according  to  Mr.  Gilbert,  are 
Lower  Carl>oniferous. 


aV.  8.  Geog.  Surv.  W  One  Hundredth  Mer.,  Vol.  Ill,  p.  166.  Mbid.,  p  88. 
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At  Mountain  Spring,  a  point  about  6  miles  west  of  Cottonwood 
Spring,  Mr.  Gilbert"  notes  that  Mr.  C.  A.  Ogden  obtained  a  set  of 
fossils  of  facies  older  than  the  Coal  Measures.  Among  the  forms  are 
PhiUipsia^  Spirifer  (two  species  of  Devonian  aspect),  Rhynehonella, 
Hemiprojiites,  Afhyris  (distinct  from  A.  siibtUita),  Choneies,  Tere- 
bratida  (.?),  Prodiiciiis  (like  P.  subaculeatns)^  and  FenesteUa,  The 
horizon  is  referred  to  the  Lower  Carboniferous. 

The  following  valuable  observations  on  the  Carboniferous  of  the 
southern  portion  of  the  Spring  Mountain  Range  were  made  bj^  Mr. 
R.  B.  Rowe  in  1900-1901:* 

Loiver  Carboniferous. — About  6  miles  south  of  Good  Spring,  Lower 
Carboniferous  limestones  are  found,  probably  separated  by  an  over- 
thrust  fault  from  Mesozoic  strata.  The  Carboniferous  is  much  altered, 
but  in  some  of  the  layers  good  corals  are  found.  The  Mesozoic  beds 
consist  of  rich  shales  and  sandstones. 

At  Mountain  Spring  fossil-bearing  Lower  Carboniferous  beds  not 
more  than  3,000  feet  thick  occur.  Above  these  are  Carboniferous  red 
beds,  at  least  2,000  feet  thick,  which  are  overlain  by  Upper  Carbon- 
iferous limestone,  from  500  to  600  feet  thick.  Beneath  the  Lower  Car- 
boniferous is  a  light-gray  arenaceous  limestone.  The  line  between 
this  limestone  and  the  overlying  Carboniferous  limestone  is  sharply 
drawn.*^ 

Carboniferous  red  beds  {Upper  Carboniferous), — About  one-half 
mile  west  of  Mountain  Spring,  on  the  road  to  Mule  Spring,  is  a  dark 
fossiliferous  limestone  lying  upon  a  light-colored,  much-altered  lime- 
stone. These  limestones  are  probably  Lower  Carboniferous.  In  the 
valley  west  of  Mountain  Spring  they  are  overlain  by  a  considerable 
thickness  (2,000  feet?)  of  red  Carl)oniferou8  shales  and  sandstones, 
which  form  a  greater  portion  of  the  Mule  Spring  Mountains  and  are 
capped  by  the  Upper  Carboniferous  fossil-bearing  cherty  limestones. 
On  the  east  side  of  Mule  Spring  Mountain  the  red  shales  and  sand- 
stones are  found  at  the  base,  capped  by  the  Upper  Carboniferous 
limestones. 

For  8  or  10  miles  north  and  northwest  of  Mule  Spring  the  Upper 
Carboniferous  is  overlain  by  the  fossiliferous  Jurassic.*'  There  are 
no  red  beds  or  conglomerates  between  the  two  formations,  although 
some  of  the  topmost  layers  of  the  Carboniferous  are  conglomeratic. 
The  thickness  of  the  Upper  Carboniferous  limestone  is  about  500  feet. 
The  thickness  of  the  Upper  Carboniferous  red  shales  and  sandstones 
exposed  in  this  region  must  be  two  or  three  times  as  much. 

Between  Mule  Spring  and  Mountain  Spring  red  sandstone  occurs, 
with  a  northerly  strike  and  a  dip  20**  west. 

At  Mountain  Spring  the  Carboniferous  red  beds  lying  above  the 


a U.  S.  Geog.  Surv.  W.  One  Hundredth  Mer.,  Vol.  HI.,  p.  180. 

b  Taken  from  his  notebooks,  after  his  death,  by  the  writer. 

c  See  citation  from  Mr.  Gilbert  on  region  of  Mountain  Spring,  above. 

<f  Mr.  Rowers  field  determination. 
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Lower  Carl)ouiferou8  are  at  least  2,000  feet  thick,  and  are  overlain 
by  5(K)  t()  600  feet  of  Upper  Carboniferous  limestone. 

On  a  divide  along  the  road  between  (irood  Spring  and  Cottonwood 
Spring,  Carboniferous  red  beds  immediately  underlie  the  fossilifer- 
OU8  Jurassic,'*  as  is  the  case  also  at  Good  Spring;  but  about  G  miles 
east  of  Cottonwood  Spring  the  Jurassic**  lies  directly  upon  the  Upper 
Carboniferous  limestone. 

South  of  Indian  Spring,  at  the  northern  end  of  the  range,  are  red 
shales  and  sandstones  underlying  massive  blue  limestones  uncon- 
formably.  The  shaly  layera  and  the  thin  limestone  bands  in  these 
red  beds  are  fossiliferous.  They  were  det-ermined  by  Dr.  Girty 
as  U^pper  Carboniferous.  The  formation  here  has  a  thickness  of 
al>out  300  feet.  It  overlies  blue  massive  Lower  Carboniferous  lime- 
stone. 

Uji)})er  Carboniferous  Umesf4)7i4\ — For  8  or  10  miles  north  and  north- 
west of  Mule  Spring  the  folded  Upper  Carboniferous  is  overlain  by 
fossiliferous  Jurassic.  ^  The  Upper  Carboniferous  limestone  is  al>out 
500  feet  thick;  the  Upi>er  Carboniferous  red  shales  and  sandstones 
about  2,000  feet  thick.  The  Upper  Carbon  if  emus  limestone  may  he 
divided  about  equally  into  (1)  upper  cherty  massive  limestone,  con- 
taining abundant  fossils;  (2)  lower  light-gray,  massive  limestone, 
containing  a  few  fossils.  The  two  portions  are  divided  in  some  places 
by  layers  of  red  shales  and  san<lst«ne8,  as,  for  example,  at  C-otton- 
wood  Spring.  One-half  mile  west  of  Mule  Spring  Mr.  Rowe  col- 
lected fossils  determined  by  Dr.  Girty  as  Pennsylvania!!  or  Upper 
CarlK)niferou8. 

On  the  escArpmei!t  of  the  west  side  of  the  Mule  Spring  Mouiitain 
there  is  exposed  the  l-^pper  ('arboniferous  limestone,  underlain  by  the 
red  shale  formation. 

At  Mountain  Spring,  Carl)oniferous  rtnl  l)eds  are  at  least  2,000  feet 
thick.  They  overlie  about  3,(KK)  feet  of  Tx)wer  Carboniferous  sti-ata, 
and  underlie  Upper  Carl)onifei'ous  limestone  from  500  to  600  feet  thick. 
Beneath  the  Lower  ('arboniferous  is  a  light-gray  arenaceous  limestone, 
containing  no  discovered  fossils. 

At  Cott-onwood  Spring  fossils  were  collected  from  the  Upper  Car- 
boniferous by  Mr.  Rowe,  and  were  subsequently  identified  as  such  by 
Dr.  Girty.*  Upper  ,( Carbon  if (»rous  beds  were  followed  [some  dist^ince 
south  of  CotU)!iwood  Spring;  also  east  of  Cottonwood  Spring. 

In  the  hills  north  and  northwest  of  Cottonwood  Spring  the  Upper 
Carboniferous  is  overlain  by  conglomerate  and  strongly  cross- bedded 
coarse  sandstone,  in  IkhIs  10  or  20  feet  thick.  Above  these  conglom- 
erates are  shales  ai!d  gypsum  beds,  above  which  again  are  the  fossil- 
iferous ai'enaceous  Jurassic^  limestones. 


"Mr.  Rowe'8  field  det43rmiimt1on. 

'♦See  citation  from  Mr.  Gilbert  on  Upper  Carboniferous  at  CJottonwood  Spring,  above. 

<*  Mr.  Rowe '8  field  determination. 
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About  3  miles  southeast  of  the  summit,  between  Good  Spring  and 
Wilson's  ranch,  the  Lower  Carboniferous  of  the  Bird  Spring  Range 
lies  against  the  Upper  Carboniferous  and  Jurassic,'*  being  separated 
by  a  fault. 

About  6  miles  east  of  Cottonwood  Spring,  directly  overlooking  Las 
Vegas  Valley,  is  an  escarpment  consisting  of  Upper  Carboniferous 
beds.  These  are  underlain  by  heavy  shales  and  brownish  micaceous 
sandstone,  much  cross-bedded.  At  this  point  the  red  beds  seen  are 
not  over  50  feet  thick. 

Between  Good  Spring  and  Cottonwood  Spring  the  Upper  Carbon- 
iferous repeatedl}^  occurs.  North  of  Good  Spring  a  low  knoll  of  the 
Upper  Carboniferous  occurs  west  of  the  road,  up  to  the  Mesozoic 
cliff  at  the  foot  of  Olcott  Peak  (Potosi  Mountain).  Near  the  summit 
both  Carboniferous  and  Mesozoic  rocks  occur  along  the  road.  East 
and  north  of  Cottonwood  Spring  are  apparently  Carlwniferous  rocks, 
while  south  and  west  are  Mesozoic. 

About  12  miles  north  of  Good  Spring,  near  the  divide  between  Good 
Spring  and  Cottonwood  Spring,  is  a  small  area  of  Upper  C^arbonifer- 
OU8J,  occupying  a  fault  zone  which  separates  the  probably  Mesozoic 
red  sandstones  and  shales  from  the  Lower  Carboniferous  limestones 
which  make  up  Olcott  Peak.*  On  the  east  side  of  Olcott  Peak, 
about  10  miles  north  of  Good  Spring,  fossils  were  collected  by  Mr. 
Rowe  that  were  identified  by  Dr.  Girty  as  Upper  Carboniferous  or 
Pennsylvanian. 

About  3  miles  northeast  of  Good  Spring,  in  the  Bird  Spring  Moun- 
tains, there  was  noted  about  425  feet  of  gray,  brownish,  and  pinkish 
arenaceous  limestone.  Fossils  collected  at  three  different  horizons  in 
the  series  by  Mr.  Rowe  were  determined  by  Dr.  (rirt}"  to  be  Upper 
Carboniferous  or  Pennsylvanian. 

At  Good  Spring  the  following  section  was  obtained,  from  the  top 
down: 

Section  at  Good  Spring,  ,  „ 

Consolidated  ancient  tains 6-10 

Arenaceous  light-brown  limestone,  rather  thin  bedded 610 

In  jjart  yellowish  and  reddish  shales  and  sandstones,  whic^h  make  the  same 

red  terrane  as  shown  at  the  eastern  base  of  Olcott  Peak 760 

Heavy  conglomerate,  snbangnlar  pebbles 50 

Gray  limestone  with  some  red  and  pinkish  arenaceous  layers  and  cherty 
layers:  the  upper  50  feet  is  conglomeratic  and  (contains  large  qnartzite 
bowlders;  fossils  abundant  in  the  conglomerate,  less  so  in  the  rest  _ 300 

Mr.  Rowe  regai*ds  the  50  feet  of  conglomerate  underlying  the  red 
beds  as  a  basal  conglomerate,  and  the  conglomerate  at  the  top  of  the 
limestone  beneath  as  an  apical  conglomerate.  Fossils  of  the  lower 
conglomerate  collected  by  Mr.  Rowe  are  regarded  by  Dr.  Girty  as 
probably  Permian,  or  uppermost  Carboniferous.      Fossils  collected 

a  Mr.  Rowe's  field  determination. 

^See  citation  from  Mr.  Gilbert  on  Lower  Carboniferous  at  Olcott  Peak,  above. 
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from  the  ai'enaceoua  limestone  overlying  the  red  be<ls  are  regarded  by 
Dr.  T.  W.  Stanton  as  not  younger  than  Trias,  and  perhaps  as  old  as 
the  Permian. 

Fassils  eolleeted  from  the  Upper  Carboniferous  at  Cottonwood 
Spring  by  Mr.  Ro>^e  are  n^gaitled  as  possibly  Permian  by  Dr.  Girly. 

F^ast  and  southeast  of  Good  Spring,  along  the  road  to  Manvel, 
occurs  the  contact  of  the  Mesozoic  and  Carboniferous.  On  the  east 
and  mirth  are  Upper  Carboniferous  beds  with  fossils  identical  with 
those  found  at  Good  Spring.  The  red  shales,  sandstones,  and  con- 
glomerates which  lie  l)etween  the  Upper  Carboniferous  and  Jurassic 
at  Good  Spring  and  at  Olcott  Peak  are  wanting  about  5  miles  south- 
east of  Good  Spring,  and  the  calcareous  sandstones  of  the  Jurassic 
lie  directly  upon  the  Carboniferous.  The  Upper  Carboniferous  also 
has  lost  at  this  point  the  conglomerate  which  lies  at  its  top  at  Good 
Spring. 

The  mountains  near  Good  Spring  are  chiefly  limestones,  with  con- 
siderable sandstone  underlying.  Fossils  collected  by  Mr.  Rowe  from 
the  lowest  rocks  exposed  in  the  Hird  Spring  Range ^  were  identified 
by  Dr.  Girty  as  Pennsylvanian  or  Upper  Carl)oniferous. 

Correlation  with  Grand  Cunijon  section, — In  the  Grand  Canyon  and 
Colorado  Plateau  region  the  Carboniferous  was  studied  in  the  course 
of  the  Wheeler  survey  by  Messrs.  Gilbert  and  Marvine.  It  wa*? 
divided  into  the  Aubrey  limestone,  the  Aubrey  sandstones,  and  the  Red 
Wall  limestone.  The  Aubrey  limestone  has  a  maximum  thickness  of 
820  feet,  and  contains  fossils  suggesting  the  Perm o- Carboniferous  of 
the  Mississippi  Valley,  and  indicating  the  close  of  the  C-arboniferous 
age.  The  limestone  is  characterized  by  a  great  abundance  of  chert, 
which  toward  the  top  sometimes  constitutes  half  the  mass.  Near  the 
middle  it  is  in  some  places  interrupted  by  a  bed  of  shale  with  gypsum. 

The  Aubrey  sandstone  has  a  thickness  along  the  Grand  Can^^on  of 
about  1,000  feet.  A  portion  is  massive  and  cro.s8- bedded,  another 
portion  soft  and  gypsiferous.  The  sandstones  contain  no  fossils,  but 
an  intercalated  limestone  bears  Coal  Measures  shells. 

The  Red  Wall  limestone  has  a  gray  color  on  fresh  fracture.  It  is 
heavy-bedded  and  massive.  Near  the  top  sandstone  alternates  WMth 
the  limestone  for  from  200  to  500  feet.  Through  its  lower  half  the 
limestone  is  interrupted  by  occasional  shaly  bands.  The  average 
total  thickness  is  2,500  feet.  Fossils  are  abundant  near  the  top,  but 
in  the  lower  portions  are  difficult  to  find.  The  lowest  fossils  were 
found  a  little  below  the  middle  of  the  series,  and  were  doubtfully 
referred  to  the  Lower  Carboniferous.  The  fauna  of  the  upper  portion 
is  rich,  and,  while  different  from  that  of  the  Aubrey  limestone,  is 
referable  to  the  Coal  Measures. 

Mr.  Gilbert  *  was  not  able  to  exactly  correlate  the  Colorado  Plateau 


«  The  southern  prolongation  of  the  Spring  Mountain  Range,  lying  east  of  Gkx>d  Spring. 
bV.  8.  Qeog.  Surv.  W.  One  Hundredth  Mer  ,  Vol.  Ill,  pp.  177, 178, 179. 
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and  Grand  Canyon  Carboniferous  with  the  Carlwniferous  series  in 
the  Spring  Mountain  Range.  Nevertheless,  the  Carboniferous  de- 
scribed by  Mr.  Rowe  seems  to  bear  a  general  resemblance  to  the 
Colorado  Plateau  and  Grand  Canyon  section.  This  correlation  may 
be  suggested : 

Correlatimi  of  Spring  Mountain  and  Grand  Canyon  sections, 
Gilbert  and  Marvine,  Grand  Canyon  Hection.    I  Rowe,  Spring  Mountain  Hection. 


Aubrey  limestone,  maximum  820  feet.  Upper  i  Upper  Carboniferous  limeetone,  500-600  feet. 
Carboniferous. 

Aubrey  sandstone,  1,000  feet,  probably  Upi)er  I  Carboniferous  red  sandstone,  shale,  and  con- 
Carboniferous,  glomerate,  1,000-2,000  feet,  probably  Upper 

I      Carboniferous. 

Red  Wall  limestone,  Upper  and  Lower  Carbon-    Lower  Carboniferous  limestones,  8,000  feet, 
iferous,  2,600  feet. 


MKSOZOIC. 

Eight  or  10  miles  north  and  northwest  of  Mule  Spring  the  Upper 
Carboniferous  is  overlain  by  fossiliferous  Jurassic.^  Among  the  fos- 
sils seen  in  the  Jurassic  Pentacrinus  aster ir us  ^  is  very  abundant. 

About  4  miles  west  of  Cottonwood  Spring  is  a  great  escarpment,  at 
least  2,00()  feet  high.  It  consists  of  two  terranes,  the  lower  l)eing  red 
shales  and  sandstones,  making  up  about  one-third  of  the  height. 
Above  this  is  a  heavy  yellow  sandstone,  containing  occavsional  red 
lenses.     These  rocks  are  probably  Mesozoic. 

To  the  east  and  northeast  of  Cottonwood  Spring  the  hills  appear 
to  be  Mesozoic  also. 

In  the  hills  north  and  northwest  of  Cottonwood  Spring  the  Upper 
Carboniferous  is  overlain  by  beds  of  conglomerate  and  coarse,  strongly 
ci-oss-bedded  sandstone.  These  l)eds  are  from  10  to  20  feet  thick. 
Overlying  these  conglomerates  are  100  feet  or  more  of  intercalated 
white  gypsum  beds  and  red  shales,  and  above  these  lies  the  fossil- 
iferous arenaceous  limestone  of  the  Jurassic."  Near  the  l>ottom  of  the 
fossiliferous  beds  is  a  stratum  containing  a  multitude  of  Oryplura,^ 

About  10  miles  north  of  Wilson's  ranch,  the  CarlK)n iferous  lime- 
stone has  l)een  brought  above  massive  red  Mesozoic  sandstone  by  a 
great  overthrust  fault.  Between  Wilson's  ranch  and  Red  Spring  the 
Mesozoic  is  also  found.  About  8  or  10  miles  north  of  Wilson's  ranch 
the  same  overthrust  fault  as  mentioned  above  was  found.  The  mas- 
sive Mesozoic  sandstone  here  is  colored  pink,  bright  vermilion  red, 
and  white.     It  is  strongly  cross  bedded  everywhere. 

Between  Wilson's  ranch  and  Cottonwood  Spring  the  low  hills  show 
strata  which  contain  Jurassic  fossils. 

About  three-quarters  of  a  mile  south  of  the  summit,  l)etween  Good 
Spring  and  Wilson's  ranch,  the  Jurassic  lies  at  the  foot  of  a  ridga 
made  up  of  Upiier  Carboniferous  rocks,  the  Carboniferous  being  sepa- 
rated from  the  Mesozoic  by  a  fault. 
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At  the  foot  of  Oleott  Peak  there  is  a  cliff  coraposeil  of  Mesozoic 
roi*ks.  From  here  the  Mesozoic  turns  east  and  crosses  the  road  before 
the  summit  between  Good  Spring  and  Cottonwood  Spring  is  reached. 
Near  the  summit  Carl>oniferous  and  Mesozoic  alternate  along  the 
road.  From  the  summit  to  Cottonwood  Spring,  Mesozoic  rocks  occur 
on  l)oth  sides  of  the  road.  The  rocks  in  the  hills  south  and  west  of 
Cottonwood  Spring  are  Mesozoic. 

On  the  great  fault  line  which  separates  the  Mesozoic  from  the 
Carboniferous  between  Good  Spring  and  Cottonwood  Spring,  the 
fossiliferous  Jurassic  apparently  lies  l>eneath  the  red  and  white  sand- 
stones which  form  the  cliffs  west  of  Wilson's  ranch. 

At  Go<m1  Spring  the  Mesozoic  was  found  overlying  the  Carlwnifer- 
ous.     The  following  is  the  section : 

Section  of  Mesozoic  at  (food  Spring. 

Fwt 

1.  Arenaceous  limestone 610 

2.  At  base  yellowish  and  reddish  sandstone  aliout  50  feet  thick.     Above  this 

are  layers  of  red  and  yellowish  shale.    This  may  be  the  same  red  terrane 
which  shows  at  the  eastern  base  of  Oleott  Peak  .   760 

3.  Heavy  conglomerate  ...   ...     . ...   . .     50 

4.  (iray  limestone,  with  some  layers  of  red  or  pinkish  arenaceous  limestone, 

and  abundant  layers  of  chert.     The  upper  50  feet  contains  numerous 
large  quartzite  bowlders 300 

Fossils  coll(H*te<i  from  No.  1  were  des(*ribed,  after  a  preliminary 
examinati(m  by  Mr.  T.  W.  Stanton,  as  belonging  to  a  horizon  not 
younger  than  the  Triassic,  and  possibly  as  old  as  the  Permian.  The 
fossils  collected  from  No.  4  were  judged  to  be  questionably  Permian 
by  T)r.  Girty. 

East  and  southeast  of  Good  Spring,  along  the  road  between  Good 
Spring  and  Manvel,  the  road  runs  along  the  (^ontact  of  the  Mesozoic 
and  the  C'arboniferous.  The  re<l  shales,  sandstones,  and  conglomer- 
ates which  lie  between  the  Upper  Carboniferous  and  the  Jurassic  at 
Good  Spring  and  Oleott  Peak  are  wanting  about  4  or  5  miles  south- 
east of  Good  Spring,  and  the  calcareous  sandstones  of  the  Jurassic 
lie  directly  upon  the  Carboniferous. 

About  6  miles  south  of  Good  Si)ring  the  Lower  Carboniferous  seems 
to  be  overthrust  upon  the  Jurassic. 

IGNEOUS  ROCKS. 

At  Good  Spring,  near  the  southern  end  of  the  range,  Mr.  Gilbert** 
noted  a  flow  of  basalt.  Other  than  this  no  igneous  rock  is  known  in 
the  whole  range.     Mr.  Rowe's  notes  record  the  following: 

At  the  Keystone  mine,  at  the  southern  end  of  the  range,  there  is  an 
acid  porphyry  dike  running  N.  17°  E.  Along  both  sides  of  this,  in  a 
ta.lcose  material,  gold  is  found.     The  dike  dips  from  35°  to  40°  W. 
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East  of  Bird  Spring  Range,  in  the  direction  of  the  Colorado  River, 
there  appear  to  be  extensive  lava  fields. 

STRUCTURE. 

The  general  observed  strikes  and  dips  of  the  strata  in  the  Spring 
Mountain  Range  have  been  plotted  by  the  writer  from  different  points. 
The  results  show  more  complex  folding  than  in  any  of  the  mountain 
ranges  to  the  north  and  east,  and  to  this  folding  the  irregular  shape 
of  the  range  is  probably  due.  In  an  east-west  section  the  general 
structure  of  the  range  seems  to  be  a  broad  syncline,  with  a  number  of 
minor  folds,  of  little  importance,  and  all  part  of  the  great  fold.  The 
axis  of  this  syncline  runs  northeast  and  southwest,  transverse  to  the 
general  trend  of  the  mountains  and  parallel  to  the  axes  of  the  folds 
in  Las  Vegas  Range,  already  described,  and  well  over  to  the  western 
side  of  the  mountains.  Mr.  Gilbert «  gives  a  section  of  the  Carbon- 
ifemus  rocks  at  Cottonwood  Spring,  which  shows  the  southeasterly 
side  of  this  general  syncline. 

At  a  point  on  the  eastern  face  of  the  range,  due  southwest  from 
Com  Creek  in  Las  Vegas  Valley,  a  sharp,  slight  anticline,  constitut- 
ing a  wrinkle  in  the  general  syncline  and  with  a  parallel  axis,  may  be 
observed.  On  the  other  side  of  the  range  a  similar  anticline  runs 
along  the  foothills  northward  from  White's  ranch  for  some  distance. 
It  aftei'wards  ap[)ears  to  pass  into  and  ocrcupy  the  narrow  north-south 
valley  between  the  northern  end  of  the  Spring  Mountain  Range  and 
the  low  clusters  of  mountains  immediately  west. 

In  a  north-south  section,  however,  the  structure  of  the  Spring  Val- 
ley Range  appears  to  be  anticlinal,  the  strike  at  both  the  north  and 
south  end  being  in  general  east  and  west,  and  the  dip  varying  up  to 
65°  N.  at  the  north  end  and  up  to  about  20°  S.  at  the  south  end. 

Taken  altogether,  therefore,  the  range  exhibits  a  peculiar  fold,  anti- 
clinal in  a  north-south  section,  and  showing  a  slightly  complicated  or 
wrinkled  synclinorium  in  an  east-west  section.  The  portions  of  the 
center  of  the  syncline  that  should  lie  flat  dip  north  and  south  at  each 
limb  of  the  anticline. 

Except  at  the  northern  end  the  rocks  of  the  range  are  chiefly  Car- 
boniferous. At  the  northern  end  the  Cambrian  rocks  are  brought  up, 
probably,  by  at  least  two  heavy  east-west  faults.  The  northernmost 
of  these  faults  observed  lies  north  of  Hornet  Spring,  and  has  appar- 
ently brought  the  Cambrian  quartzite  into  juxtaposition  with  the 
Cambrian  limestone,  which  stratigraphicall}'  overlies  it.  The  throw 
of  the  fault  must  be  at  least  1,000  feet,  and  its  course  can  be  traced 
across  the  country  by  the  break  in  the  quartzite.  The  second  fault 
lies  3  or  4  miles  south  of  here,  just  south  of  Hornet  Spring.  It  is 
probably  parallel  to  the  first,  although  it  can  not  be  traced  so  easily, 
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since  it  separates  one    limestone 
body  from  another.     But  the  lime- 
stone to  the  north  is  probably  Mid- 
uj  I  die  Cambrian,  while  to  the  south  it 

J  is  Upper  Carboniferous.     A   v^er- 

j  tieal  displacement  of  several  thou- 

®  sand    feet   is  hei-e  evidenceil,  the 


^  B  downthrow  being  to  the  south,  as 

«  .S  is  also  the  case  with  the  first  fault 

1  ^  mentioned. 

^  1 1  These    two    heavy   faults    have 

X  ^  a  ^^*®  same  general  direction  as  the 


S  I  S  heavy  fault  describtnl  in  Las  Ve- 
I  I  a  a  gas  Range,  and  like  it  they  have 
^  *§  i  >.  .     ^*^  primary  effect  on  the  topogra 


S  ^  §  "t  S     phy,  being   marked  by  no  scarps 


ti-0l  (fig.  i>i>). 

S  I  «  ft?  -^  third  fault  is  suspected  at  the 

a&        ^  northern  end  of  the  range,  sepa- 

^  I  rating  the  Carboniferous  limestone 

S  g  fmm  the  supposedly  Silurian  lime- 

g  I  stone  of  the  immediately  adjacent 

^^  Desert   Range.     If  this  fault  ex- 

•|p.  ist«,    its    downthmw   is,    like    the 

'jj  I      g  others,  to  the  south  {^g.  '22). 

g  I      §  The  following  important  obser- 

;  fl      ^  vations   on    structure    have   In^en 


ii 


I        taken   directly   from   Mr.    Rowe's 


*  ^      I        notebooks,  after  the  writing  of  the 
§  §      ^        above : 


M 


I 


About  10  miles  west  and  north- 

1 1      S        west  of   Mule  Spring,  the    Upper 

|§      p.        Carboniferous  is  thrown  intoase- 

1 1  j;.  fl        ^'^^^  ^^  minor  faults  running  in  a 

"^  ^        nearly  northwest  diivction.     The 

pitch   is    very   heavy  toward    the 

^      I  ^        south.     These    are    probably    the 

S      gig     southern    ends  of    the   folds  and 

^  I  g     uplifts    which    have    brought    up 

•g'^j2     Charleston  Peak.     Together  with 

a  g  "§     the  folding  there  was  a  great  deal 

^  ^        of  minor  faulting.     A  fault  with 

a  throw  of  a  few  hundred  fet4  is 

seen  about  one-half  mile  west  of 

Mule  Spring.     On  the  ea«t  side  of 

Mule  Spring  is  a  steep  escarpment 
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composed  of  Upper  Carboniferous  limestoues  overlying  red  shales. 
In  this  escarpment  is  shown  a  minor  fault  or  a  slight  broken  fold 
which  appears  to  be  recent  and  has  directly  displaced  the  surface. 

On  the  west  side  of  Mule  Spring,  at  Mule  Spring  Mountain,  the  same 
formations  are  shown  in  a  similar  escarpment.  Here  the  beds  are 
thrown  into  minor  folds  and  faults. 

A  great  fault  runs  in  a  northerly  to  northwesterly  direction  directly 
through  the  center  of  the  main  Spring  Mountain  Range  and  through 
the  minor  ranges  which  are  continous  with  it  on  the  south  (see  map, 
PI.  I).  This  is  shown  10  miles  north  of  Wilson's  ranch,  where  it 
runs  nearly  due  north.  It  was  also  observed  east  of  Mountain  Spring 
(fig.  24),  and  at  the  east  base  of  Olcott  Peak  (fig.  23),  and  was  traced 
past  Good  Spring  to  the  southeast.  At  Good  Spring  its  course  is  north 
and  south. 

OScott    Pe&k 


Fig.  23.— Section  showing  the  great  fault  at  Olcott  Peak;  after  R.  B.  Rowe. 
1.  Lower  Carboniferous  limestones.  5.  Mesozoic  red  beds. 

3.  Upper  Oarbonifei'ous  limestones.  6.  Mesozoic  heavy  white  sandstone. 

Mountain  Spring  occupies  the  center  of  the  important  anticline 
which  forms  Olcott  Peak  or  Potosi  Mountain.  East  of  Mountain 
Spring  there  is  exposed  the  great  fault.  East  of  the  fault  is  an  ero- 
sion scarp  (fig.  24). 

Between  Wilson's  ranch  and  Red  Spring,  and  about  10  miles  north 
of  AVilson's  ranch,  there  is  an  overthrust  fault,  by  which  the  Carbonif- 
erous limestone  is  thrust  over  the  massive  red  Mesozoic  sandstone. 
Three  important  faults  are  shown  here — two  running  parallel  and 
nearly  north  oi-  west,  the  other  (the  great  fault)  running  at  right 
angles,  or  nearly  north  and  south. 

At  Cottonwood  Spring  the  apparent  section  is: 

Jurassic. 

Upper  Carboniferous. 

Red  Beds. 

Jurassic. 

Upper  Carboniferous. 

This  can  only  be  explained  by  a  fault.  It  is  to  be  inferred  that  the 
fault  is  an  overthrust.     No  direct  evidence  was  seen. 

Bull.  208—03 12 
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^ 


Alx>ut  1  mile  south  of  Cottonwood 

Spriiij^     tlie    C'ar])oiiiferous     rocks  ? 

strike  S.  ♦J.^  W.,  and  dip  30°  NW.  ^  ^      ^ 

A]>out   6  miles   east    of   Cotton-  or      Q 

wihkI    Spring   a   great  escarpment  y  J      I 

consists   of    I'pjier    Carl>onifeix)U8  ^  j:      | 

IkhIs  underlain   by   i"e<ldish  shales  3  J      § 

and  sandstones.     Mr.  Rowe's  sec-  5  ^      ^ 

tion  indicates  that  the  escarjnnent  ^g      1 

has  lH»en  fonned  by  tlie  erosion  of  a  J      « 

these  softer  be<ls.  g  |      ; 

In  the  vallev  east  of  the  Cotton-  r  |      ^ 

wood   Spring  escarpment   there   is  g  ?      2 

probably  a   fault  within  the  sliale  |          3. 

lK»lt.     This  must  be  an  overthrust  |         ^ 

fault  along  bedding  planes,  l)ecause  |         § 

everything  r.pi>eai's  to  1k»  conform-  i          g 

able.     Red  beils  of  the  Carl)onifer-  ?, 

ous  overthrust  on  the  red  be<ls  of  g 

the  Mesozoic   make  the  fault  diffi-  !x 

cult   to   s<M».     Two   or   thrt*e   days'  L,  ^  p  | 

search  failed  to  i*eveal  any  direct  §  §  ?  S                                    ajonng 

indication  (f\'t:.  24).  I  ?j  *  ^ 

There    is    some    minor    faulting  gj^S 

shown  in  the  Upper  CHrlM)niferous  I  a  |  g. 

strata    al)OUt    Cottonwood   Spring,  §3*1, 
and  scmie  minor  folding  in  the  Ju- 
nissic  east  of  the  springs. 

On    the     divide     between    Goml  |      "3 

Spring     and     Cottonwood    Spring  f      *  « 

there    apt)eai's    to    Ik?    some    very  S 

sharp  folding  or  faulting  at  right  ^  ' 

angles  to  the  general  trend  of  the  |                                    ^ 

great  faults,  and  at  right  angles  to  *  ^      g* 

the  great  fault  running  on  the  east  jg  g      ? 

side  of  the  Charleston  Range.  S|      g  ' 

The  great  fault  lying  on  the  east  t^      5  ^                                 *''''"'' 

side  of  the  Spring  Mountain  Range  , 

may  be  followed  easily  northward  ^  g-      |- 

from  (too<1  Spring  to  the  divide  be-  ^         J 

tween  (rood  Spring  and  Cottonwood  | 
Spring,  12  miles.     On  the  east  side 
of  the  fault  is  heavy-bedded    red 

sandstone  and  red  shjiles.     On  the  S" 

west   is  Middle  or  Lower  Carbon-  '^ 

iferous   and   Upper   Carboniferous  ^ 


?      ? 
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wedged   in   the   fault  by   the   drag 
(fig.  23).     The  section  given  by  Mr. 
Rowe     shows     an     anticline     over- 
thrown   to    the    east    and    faulted.  ^^ 
The  fold  is  cut  deeply  by  canyons.  1 1 
Along  its  axis  the  rocks  are  much  5.  ji 
crushed    and     broken,    and     much  §  | 
minor  faulting  is  visible  in  places.  "  " 
This  great  fault  line  was  followed  1 1  '^ 
north    toward   Wilson's    ranch.     It  li  n 
changes  its  course  from  about  15°  |i  §  ^ 
west  of  north,  south  of  the  summit,  1 1  |  3. 
to  45°  west  of  north,  north  of  the  »  I  ?                                           ^ 
summit.  ^      o 

About    :3    miles    north    of    Good  g,      w  o 

Spring  the  Carboniferous  is  folded  I      2.  5 

into  a  sharp  anticline  and  syncline.  S     *f  - 


a 


The  general  structure  of  the  Binl 
Spring  Mountains  seems  to  be  anti-  |J 


o 


clinal,    with   a  channel  of    erosion  § 

along    the    apex   of    the    anticline.  ^ "  g 

There  is  a  fault  along  the  east  side  §  S  f 

of  the  range  which  brings  the  Lower  |  Z  | 

Carboniferous  against  the  red  shales  |  ^  3 

and    sandstones    of    the    Mesozoic.  1 1 1 

This     fault     runs     northwest     and  |  ?  ^ 

southeast   (see   fig.   25).     About   U  '  1  ^ 

miles  north  of  Bird  Springs  there  is  B  U 

another  fault,  which  crosses  the  first  |  f 

one   at    an    angle    and    brings    the  I  f 

Lower    and    Upper    Carboniferous  ^ 

together.  » 

About    6    miles    south    of    Good  f 

Spring  the  Lower  Carboniferous  is  ^'  ^'  *. 

overthrust  upon  the  Jurassic.     The  j  5 

rocks  are  very  much  disturbed  along  S 

the  fault  line.  J  ^  ^ 

About   three-quarters   of    a   mile  <  t  'ic 

south  of  the  summit,  between  Good  ^f^ 

Spring  and   Wilson's   ranch,    there  | 

is  a  fault  which  brings  the  Upper  ? 

Carboniferous  al)ove  the  Jurassic.  I 
The  fault  has  a  nearly  due  north- 
west course.     About  3  miles  south- 
east of  the  summit  there  is  another 
fault,  also  running  due  west,  which 


I  ? 


s- 
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brings  tho  Upper  Carboniferous  and  Jurassic  against  the  Lower  Car-* 
boniferous.  These  faults  are  nearly  normal  to  the  direction  of  the 
main  northwest-running  faults.  Minor  folds  shown  at  the  summit 
seem  to  be  at  right  angles,  or  nearly  so,  to  the  main  folds  running 
northw€*st. 

AlK)ut  6  or  7  miles  west  of  Corn  Creek,  on  the  south  side  of  the 
valley  l)etween  Las  Vegas  Range  and  Spring  Mountain  Range,  there 
is  appart^ntly  a  fault  bringing  the  Cambrian  against  what  is  probably 
the  Carbon  if  erous.<»  The  Cambrian  comprises  a  number  of  parallel 
ridges  running  east  and  west.  The  strata  dip  north.  Each  of  the 
ridges  has  a  ste<*p  escarpment  facing  south.  Possibly  there  is  a  series 
of  faults  running  parallel  to  the  strike. 

Just  south  of  Indian  Spring,  at  the  northern  end  of  the  range,  the 
UpiH»r  Carboniferous  limestones  show  considerable  minor  faulting 
and  folding.  Except  where  locally  folded,  the  dip  of  these  nn^ks  is 
generally  southwest.  About  one-half  mile  south  of  the  spring,  yel- 
lowish arenaceous  limcvstone  is  brought  by  a  fault  against  dark-blue 
cherty  limestone.  The  rocks  are  much  broken,  also,  by  minor  faults, 
which  are  hard  to  observe.  An  unc(mforniity  is  shown  in  several 
places  between  the  red  shaly  Carboniferous  beds  and  the  overlying 
Carboniferous  limestone. 

ORE   DEPOSITS. 

In  the  extreme  southern  part  of  the  range  is  the  old  Potosi  or  Yel- 
low Pine  mining  district.  Here  there  are  veins  of  argentiferous  galena 
in  the  limestone.'' 

AREA  SOUTH  OF  SPRING  MOUNTAIN. 

From  Mr.  Rowe's  notel>ooks  the  following  information  is  taken: 
The  range  on  the  east  side  of  State  liine  Pass,  about  12  miles  south 
of  Good  Spring,  shows  fossiliferous  Carboniferous  limest^one  on  the 
west  side.  The  limestone  on  the  east  side  is  probably  also  Carbonif- 
erous, but  no  fossils  were  found.  The  section  made  by  Mr.  Rowe 
seems  to  show  faulting  separating  the  two  limestones.  The  beds  dip 
throughout  the  whole  section  to  the  west. 

Mr.  II.  ^y.  Turner  has  kindly  supplied  the  following  note: 
Locality  on  the  boundary  line  between  San  Bernardino  C<>unty, 
Nev.,  and  Lincoln  County,  Xev.,  at  State  Lino  Pass,  at  about  G,0(K) 
feet  elevation.  Mr.  Schuchert  states  that  the  collection  which  was 
made  by  F.  C.  Boyce  contains  two  species — a  CJuvteteSy  which  is 
usually  identified  as  C.  milleporaceu.s  Edwards  and  Haime,  and  a 
Prodiictus  of  the  P.  cora  type.  The  horizon  from  which  these  fossils 
are  derived  is  Carboniferous,  and  probably  Upper  Carboniferous. 


a  This  is  very  likely  the  name  fault  as  described  above  by  the  writer  (J.  E.  S.). 
l»Geol.  Sury.  California,  Vol.  I,  p.  471. 
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The  north  end  of  the  McCnlloh  Mountains  is  Carboniferous  and 
seemed  to  be  lithologically  like  the  Carboniferous  of  the  Bird  Spring 
Mountains,  consisting  largely  of  light-gray  arenaceous  limestones. 

KAWICH  RANGE. 

The  Kawich  Range  forms  the  southern  continuation  of  the  Hot 
Creek  Range,  from  which  it  is  separated  at  its  northern  end  only  by 
a  narrow  transverse  pass.  From  this  point  it  extends  due  south  about 
60  miles,  where  its  southern  end  runs  out  into  the  desert  valley. 

TOPOGRAPHY. 

The  range  is  high  and  is  deeply  eroded  into  bold,  craggy  mountains. 
On  both  sides  the  slope  of  the  mountains  is  steep,  especially  on  the 
west,  where  there  are  almost  impassable  cliffs.  On  the  flanks  of  the 
range  on  both  sides  of  the  rugged  backbone  are  smoother,  mesa-like 
forms. 

SEDIMENTARY   ROCKS. 
TERTIARY. 

The  only  stratified  rocks  known  in  the  Kawich  Range  are  the  rhyo- 
litic  tuffs  and  sandstones  which  occur  in  the  pass  between  the  Kawich 
and  the  Hot  Creek  mountains  and  wliich  also  mantle  around  the  north- 
ern base  of  the  Kawich  Range.  These  strata  are  evidently  the  same 
as  those  described  at  Twin  Springs,  between  the  Pancake  and  the 
Reveille  ranges.     They  are  closely  associated  with  Tertiary  rhyolites. 

IGNEOUS  ROCKS. 

The  igneous  rocks  constitute  the  whole  of  the  main  range,  so  far  as 
noted.  The  rough,  deeply  eroded  central  mass  of  the  mountains  is 
composed  of  bioti  te-rhyolite  similar  to  the  basal  rhyolite  of  the  Reveille 
Range.  In  these  rhyolites,  as  in  those  of  the  Reveille  Range,  there  is 
a  pronounced  north-south  jointing  or  sheeting  which  is  not  found  in 
the  younger  lavas.  The  dissected  mesas  found  in  a  narrow  belt  at  the 
base  of  the  mountains  are  composed  chiefly  of  more  basic  lavas,  with 
some  acid  lavas.  From  the  western  side  of  the  range,  near  its  north- 
ern end,  specimens  of  tordrillite  and  biotite-andesite  were  collected. 
In  the  pass  between  the  Kawich  and  the  Hot  Creek  mountains  decom- 
posed andesite  wjis  found. 

At  the  northern  end  of  the  Kawich  Range  the  rhyolite  abuts  against 
the  Paleozoic  strata  of  the  Hot  Creek  Range  in  such  a  way  as  to  show 
that  the  mountains  of  the  Hot  Creek  Range  were  already  eroded  out 
of  the  limestones  before  the  rhyolites  were  extruded. 

RALSTON  DESERT. 

East  of  the  Sierra  Nevada  there  is  a  belt  of  mountain  ranges  which 
have  a  Paleozoic  or  old  granitic  core,  which  have  considerable  heights, 
and  whose  general  trend  is  northwest  and  southeast,  parallel  with  the 
face  of  the  Sierras.  In  this  belt  the  rocks  show  frequently  compressed 
or  even  overthrown  folds,  yet  have  ^»xperience<l  vastly  less  compres- 
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sioii  than  tlie  iiitonsoly  foldcnl  and  slieared  strata  of  the  Sierra.  East 
of  these  auxiliary  ranj^es  thei-e  is  a  Ix^lt  which  is  comparatively  free 
from  Paleozoic  or  old  granitic  ranges.  It  has  l)een  covered  in  many 
places  by  late  'J'ertiary  or  Pleistocene  lavas,  so  as  partly  to  conceal 
the  fact  that  it  is  a  broml  depression,  but  nevertheless  this  character 
is  still  traceable  and  even  well  marked  on  " 

great  belt  runs  northwest  and  southeast,  i 
separates  the  region  of  northwest-trendini 
the  north-south  tnMiding  ranges  on  the  easi 

The  Ralston  Desert  forms  a  portion  of  tli 
ston  Dest^rt  the  depression  is  continued  b}'  t 
Valley,  b}-  Sinkavata  and  <4abbs  valleys, 
region  of  Cai'son  and  Pyramid  lakes.  I>e^ 
up  into  Oregon. 

On  the  south  the  lialston  Desert  is  sepj 
Desert  by  an  irregular  Ixdt  of  lat<»  Tertiar 
which  Forty  mile  Canyon  is  cut.  At  the  f 
Desert  the  open  1h*11  becomes  narrow,  but 
the  Mohave  Desert. 

The  lialston  Desert  is  bounded  on  the 
Tertiary  volcanic  mesas,  which,  indeed,  ar 
tent,  so  that  these  boundaries  are  rather 
west  the  desert  ends  at  the  chiefly  Paleozo 
vine  ranges,  while  to  the  east  it  is  limit 
Kawich  Range,  which  appears  to  be  i)rinci] 

In  general  the  d(»sert  ctmsists  of  an  irregi 
l>lain,  broken  by  bunches  of  low  mesas  o 
mountains.  Stonewall  Mountain,  which  li< 
Lida,  is  an  exception  to  this  topography,  b 
I'caching  probably  !),()()()  feet  in  altitude,  or 
at  its  base.  The  northern  side  of  this  mou 
ment,  i)r()bably  1,000  or  1,1?()0  feet  high,  an( 
scarp.     (See  PI.  VII,  A.) 

KiNEOl  S   ROCKS. 
RHYOLITKS. 

Stonewall  Mountain  is  entirely  made  uj 
so  deeply  enxled  that  it  can  not  be  of  ver^ 
probabl}'  tlu»  same*  jus  the  i-ugged  rhyoliti>  c 
Northeaist  of  Stonewall  the  low  mountains 
situated  an*  composed  of  rhyolite  and  toi 
ero<led  and  i)robably  belonging  to  the  same 

Most  of  the  hills  in  the  desert,  however, 
erosion.  They  represent  thin  flows,  which 
so  have  run  comparatively  long  distances 
slight  angle  of  desc(»nt.  So  the  edges  are  i 
the  thicker,  inner  parts  are  irregular  hillj 
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A.     NORTH  SCARP  OF  STONEWALL  MOUNTAIN.   RALSTON    DESERT. 
A  fault  scarp  (''). 


B.     PYRAMID    PEAK.'GRAPEVINE  RANGE,   FROM  THE  HEAD  OF  FURNACE  CREEK. 
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evidently  younger  than  the  deeply  eroded  rugged  rhyolite  of  Stone- 
wall Mountain,  yet  they  seem  to  be,  in  part  at  least,  older  than  cer- 
tain horizontally  stratified  rhyolitic  clays  which  will  presently  be 
described  as  occupying  a  large  portion  of  the  desert  between  the  vol- 
canic hills  and  underlying  the  Pleistocene  sands.  Within  these  strati- 
fied clays,  and  sometimes  capping  them,  are  also  beds  of  rhyolite,  very 
fine  grained  and  often  glassy.  This  is  evidently  the  youngest  of  all 
the  rhyolites,  and  we  may  infer  that  the  rhyolitic  eruptions  lasted  a 
long  time,  beginning  with  those  of  Stonewall  Mountain  and  ending 
with  the  slaggy  flows  last  mentioned. 

BASALT. 

The  latest  lava  of  the  desert  is  a  flow  of  slaggy  olivine-basalt,  lying 
at  the  base  of  Jackson  Mountain,  which  is  just  east  of  Lida.  This  is 
not  onl}'  younger  than  the  youngest  rln^olito,  but  is  apparently  younger 
thar  the  erosion  of  this  and  the  underlying  sediments  to  form  the 
buttes,  of  which  Jackson  Mountain  is  one. 

SEDIMENTARY   ROCKS. 
TERTIARY. 

The  main  portion  of  Jackson  Mountain  consists  of  several  hundred 
feet  of  hardened,  horizontal  sands  and  clays,  containing  irregular 
fragment.;  of  rhyolite.  The  base  of  the  mountain  is  at  an  elevation 
of  5,100  feet,  so  that  the  uppermost  sediments  are  at  least  (5,000  feet. 

In  the  valley  between  Stonewall  Springs  and  Cactus  Corral  there  is 
also  found  green,  hanlened,  rhyolite  ash  containing  harder  fragments. 
It  is  evenly  and  horizontally  stratified  and  is  overlain  on  the  edges  by 
the  Pleistocene  gulch  dumps,  or  wash,  which  sometimes  extend  to 
the  middle  of  the  valley.     The  ash  is  eroded  into  hummocks. 

This  thick  series  of  volcanic  sands  and  clays  was  probably  depos- 
ited in  a  body  of  standing  water  and  represents  a  lake  contemporarj^ 
with  the  later  rhyolitic  eruption.  As  seen  from  the  sediment:. of  Jack- 
son Mountain,  the  lake  must  have  l)een  at  least  1,000  feet  de<^p  on 
the  desert. 

PLEISTOCENE. 

Along  the  slopes  of  all  the  mountains,  especially  of  Stonewall  ]\[oun- 
tain,  are  great  wash  slopes  and  gulch  dumps  fringing  the  scarp.  This 
material,  flowing  down  into  the  valley,  overlies  the  Tertiary  lake 
deposits.  In  the  bottoms  of  the  valleys  are  broad,  bare  mud  flats  or 
play  as,  evidently- quite  recent  and  contemporaneous  with  the  gulch 
dumps.  They  seem  to  be  simply  sinks,  where  at  intervals  water  col- 
lects and  speedily  evaporates.  They  do  not  represent  the  residuum 
of  evaporated  Pleistocene  lakes  of  which,  moivover,  there  is  no  other 
evidence. 

LONE    MOUNTAIN. 

For  the  following  slight  description  of  Lone  Mountain  the  writer  is 
indebted  to  Mr.  Turner,  since  he  himself  saw  the  mountain  only 
from  a  distance.     The  mountain  really  fonns  the  northern  end  of  the 
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Montezuma  Ridge  of  the  Silver  Peak  Range,  but  on  aoe<>unt  of  ite 
exceptional  height  and  prominence  has  been  given  a  separate  name. 

KiNEOUS   ROCKS. 

The  main  part  of  Ix)ne  Mountain  consists  of  ci'aggy,  light-colored, 
massive  granitic  rock. 

SEDIMENTARY   ROCKS. 

South  of  the  granitic  area  the  central- portion  consists  of  Cambrian 
limestone**  To  the  east  of  this  (Cambrian  l>elt.  is  a  belt  of  Silurian 
limestones,  as  determined  by  Mr.  Turner.  Along  the  west  flanks  of 
the  mountain  the  upturned  ImmIs  of  the  Esmeralda  formation  (earlier 
Tertiary)  occur. 

SILVER  PEAK  RANGE. 

The  Silver  Peak  Range  is  short  and  somewhat  iri'egular  in  form. 
It  lies  immediately  east  of  the  northern  end  of  the  Whit«  Mountain 
Range,  and  like  this  range  has  a  general  northwest-southeast  trend. 
On  the  north  the  range  is  separated  by  a  low  pass  from  the  Monte 
Cristo  Mountains,  while  on  the  south  it  runs  into  the  northern  end  of 
the  Grai)evine  and  Panamint  ranges.  From  near  the  southern  end 
of  the  range  a  spur  runs  off  to  the  north,  forming  the  eastern  boun- 
dary of  Clayton  Valley,  which  lies  between  it  and  the  main  range. 

The  Silver  Peak  Range  was  studied  by  Mr.  II.  W.  Turner  during 
the  summer  of  1S09,  and  the  mapping  of  the  formations  over  most  of 
the  range  has  been  kindly  furnished  by  him  to  the  writer.  Most  of 
the  following  notes  on  the  geology,  designed  to  explain  the  map,  are 
also  due  to  him.  Mr.  F.  H.  Weeks,  of  the  Geological  Survey,  also 
spent  some  time  during  the  same  season  in  the  Silver  Peak  region, 
chiefly  for  the  purpose  of  coih^cting  fossils,  and  the  present  writer 
l)as8ed  through  it  on  his  way  from  (-olumbus  to  Lida. 

The  range  is  mostly  made  up  of  folded  Paleozoic  rocks,  together 
with  intrusive  granite  and  a  large  amount  of  volcanic  material. 

SEDIMENTARY    ROCKS. 
CAMBRIAN. 

Fossils  obtained  by  Mr.  J.  K.  Clayton,  as  early  as  1866,  at  Silver 
Peak,  and  first  regarded  as  Silurian  or  Devonian,  were  shown  by  Mr. 
Walcott''  to  be  Middle  Cambrian.  The  studies  of  Mr.  Turner  have 
furnished  man 3"  details  concerning  these  Cambrian  rocks,  which 
occupy  considerable  portions  of  the  range.  In  some  of  the  Cam- 
brian limest<mes  masses  of  the  same  corals  occur  as  in  the  White 
Mountains  to  the  west,  so  that  Mr.  Walcott  regarded  the  two  occur- 
rences as  essentially  forming  part  of  a  single  reef.  * 

The  chief  area  of  Cambrian  is  north  of  Silver  Peak,  where  it  is 
capped  by  volcani(»  rocks  in  many  places.     The  buttes  in  Clayton 


"Bull.  U.  S.Geol.  Survey  No.:*),  p.  38.  l>Am.  Jour.  S«i.,  3d  series.  Vol.  XLIX,  p.  144. 
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Vnlley  are  also  largely  ('amhrian.     The  section  consists  of  compara- 
t  ively  massive  limestones  and  quartzites. 

Along  the  road  leading  from  Silver  Peak  by  way  of  Barrel  Springs 
to  the  southern  end  of  the  range  at  Lida,  the  rocks  are  chiefly  Cam- 
brian limestones.  At  Lida  the  writer  collected  fossils  referred 
by  Mr.  Walcott  to  the  Lower  Cambrian. 

SILURIAN. 

Mr.  Turner  found  overlying  the  Cambrian  limestones  other  lime- 
stones containing  occasional  graptolites,  which  he  therefore  refers  to 
the  Silurian.  An  area  of  these  Silurian  rocks  occurs  north  of  Benderes 
Pass,  while  a  l>elt  of  the  same  rocks  occurs  encircling  a  granitic  area 
north  of  I^almetto.  Silurian  rocks  are  also  found  on  the  southwest- 
ern edge  of  the  branch  mountain  ridge  alK)ve  described,  which  may 
be  called  the  '* Montezuma  Ridge"  from  the  mining  camp  which  is 
situated  on  it. 

KARLY  TERTIARY. 

On  the  flanks  of  this  range  Mr.  Turner  has  described  sediments  to 
which  he  gives  the  name  of  the  Esmeralda  formation. «  These  deposits 
consist  oF  sandstones,  shales,  volcanic  tuffs,  breccias,  and  conglom- 
erates, and  great  thicknesses  of  lacustral  marls.  Coal  beds  and  plant 
remains  occur;  also  fossil  shells  and  fish  bones.  Fi-oin  this  fossil  evi- 
dence the  age  of  the  beds  is  broa<lly  determined  as  late  Eocene  or 
early  Miocene.  The  beds  are  nearly  always  folded,  dipping  from  10° 
to  40'',  but  the  entire  thickness  may  be  sev(»ral  thousand  feet. 

PIJOOENE. 

A  butte  in  Clayton  Valley,  northeast  from  Silver  Peak,  which  is 
capped  by  oli vine-basalt,  is  (*hiefly  made  up  of  horizontally  stratified, 
partially  consolidated,  green  volcanic  ash  and  tuff,  with  pebbles  of 
dark  lava.  The  stratified  beds  are  undoubtedly  water-laid  and  are 
probably  unconformable  with  the  folded  Tertiary  series  just  described, 
which  occurs  in  patches  all  over  the  valley  to  the  north  of  here.  In 
general  appearance  tlie  beds  are  like  the  Pliocene  sediments  which 
have  such  a  broad  distribution  north  of  here,  such,  for  example,  as 
occur  on  the  pass  between  the  Candelaria  Mountains  and  the  Pilot 
Mountains.  They  are  also  similar  to  the  latter  oi*-currence  in  being 
capi)ed  b}'  oli  vine-basalt  and  not  being  folded. 

(ioing  south  from  Silver  Peak  to  Barrel  Springs,  the  slopes  of  the 
mountains  consist  of  rolled  gravels  whose  pebbles  are  derive<l  from 
most  of  the  rocks  around,  including  the  lavas.  These  extend  back 
eastward  to  the  hills  of  the  Montezuma  Ridge,  which  are  made  up 
partly  of  volcanic  rock.  In  the  canyon  l>elow  Barrel  Springs  the 
stratified  gravels  and  sands,  containing  rhyolit^  pebbles,  are  found  to 
lie  against  the  eroded  edge  of  a  deposit  of  white  volcanic  ash  and 
pumice  apparently  water-laid,  and  this  ash  lies  against  the  eroded 
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edge  of  the  slightly  dipping  Cambrian  limestone.  These  gravels  and 
sands  seem  to  l)e  the  same  as  those  in  the  butte  described  above. 

In  the  outlying  hills  of  the  southern  part  of  the  range  just  east  of 
Lida  is  a  series  of  hardened,  stratified,  greenish  clays  and  sands  con- 
taining fragments  of  rhyolite.  These  clays  have  sometimes  been 
eroded  U}  form  buttes,  especially  where  capped  by  lava.  They  are 
horizontally  stratified  and  undisturbed,  and  are  younger  than  the 
flow  of  oli vine-basalt  which  sometimes  mantles  around  the  base  of 
the  buttes. 

The  deposits  in  these  different  localities  may  be  provisitmally  cor- 
related with  the  other  sediments  which  have  already  l)een  ascril>ed  to 
the  Pliocene-Pleistocene  Shoshone  Lake. 

IGNEOl^S   ROCKS. 

fn  the  Silver  Peak  region  the  igneous  roi^ks  are  abundant  and 
varied. 

ORANITKS. 

Granites  occupy  considerable  areas,  and  field  evidence  shows  that 
they  are  intrusive  into  the  Paleozoic  sediments,  but  not  into  the 
Tertiary  rocks. 

VOU^ANU?    R(K^KS. 

The  volciinic  history  of  the  region  is  of  considerable  complexity  and 
interest.  Afr.  Turner,  who  has  made  a  study  of  this,  has  kindly 
supplied  tlie  writer  with  the  information  that  the  succession  of  lavas 
in  this  district  has  been,  in  general,  (I)  rhyolit^s,  (2)  andesites,  and  (3) 
basalts. 

ORE   DEPOSITS. 

At  Silver  I^eak  there  are  rich  silver  and  gold  mines.  The  Cam- 
brian limestones  are  cut  by  pegmatitic  granitic  rock,  which  changes 
to  pegmatite  and  quartz  veins.  The  ores  appear  to  be,  partly  at 
least,  connected  with  these  intrusions. 

Numerous  other  localities  are  known  where  mineralization  has 
occurred.  At  Barrel  Springs  the  limestone  is  decomposed  and  stained 
along  a  vertical  zone  10  yards  wide  with  iron  and  copper.  The  honey- 
comlxHl  and  cavernous  appearance  of  the  rocks  shows  that  they  have 
been  the  channel  for  ascending  springs,  to  which  the  mineralization 
is  undoubtedly  due. 

At  Lida  the  writer  noticed  an  auriferous  ([uartz  vein  5  or  6  feet 
wide,  occurring  along  the  entire  contact  of  a  20-foot-wide  nearly 
vertical  dike  of  quartz-monz^inite-porphyry  which  cuts  the  nearly 
horizontal  Lower  Cambrian  limestones.  This  dike  is  evidently  a 
phase  of  the  general  granitic  intrusion  and  the  quartz  vein  is  an 
accompaniment. 
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CHAPTER    IV. 

GREAT    BA8IX    RANGES    OF    CAIilFORNIA,    NORTH    OF 
MOHAVE  DESERT. 

GRAPEVINE  AND  FUNERAL  RANGES. 

The  Grapevine  and  Funeral  ranges  are  practically  parts  of  a  single 
mountain  chain,  which  is  the  easternmost  of  the  important  chains 
belonging  to  the  Sien*a  Nevada  auxiliary  belt.  This  chain  faces  the 
Amargosa  and  the  Ralston  deserts  on  the  east,  and  has  a  northwest- 
southeast  trend.  The  Grapevine  Range  is  continued  on  the  north 
by  the  Silver  Peak  Range,  from  which  it  is  separated  only  by  a  com- 
paratively narrow  transverse  valley. 

That  portion  of  the  range  which  lies  immediately  north  of  Furnace 
Creek  has  been  sometimes  called  the  Amargosa  Range;  but  in  the 
present  description  all  of  the  mountains  from  Furnace  Creek  north- 
ward will  be  include<l  under  the  single  term  Grapevine  Range, 
while  those  south  of  Furnace  Creek  will  be  described  as  the  Funeral 
Mountains.  To  this  southern  portion  of  the  range  the  name  Amargosa 
has  also  been  applied,  and  to  certain  parts  of  it  the  name  Black 
Mountains;  but  these  will  here  be  omitted. 

The  Funeral  Mountains  have  a  trend  somewhat  different  from  that 
of  the  Grapevine  Range,  being  more  nearly  north  and  south.  This 
change  is  accompanied  by  a  similar  change  in  tlie  trend  of  the  Pana- 
mint  Range,  which  lies  next  west. 

The  Grapevine  Range  is  not  of  great  width,  but  is  high  and  narrow, 
with  wild  scenery  (PI.  VIl,  B).  The  Funeral  Mountains  are  lower,  and 
have  a  striking  air  of  desolation,  due  to  the  lack  of  vegetation  and 
the  dark,  gloomy  colors  of  the  rocks.  Both  tlie  Grapevine  and  Fune- 
ral ranges  are  cut  by  deep  canyons  which  sometimes  extend  quite 
through  the  range,  a  phenomenon  frequent  in  the  Great  Basin  ranges. 

At  Furnace  Creek  the  Grapevine  Range  fronts  the  Funeral  Range 
with  a  south-facing  scarp,  so  steep  as  to  l>e  almost  inaccessible  and 
about  4,000  or  5,000  feet  in  height.  At  the  base  of  this  scarp  the 
drainage  from  it  has  cut  a  (*hannel  parallel  with  its  front,  which 
forms  that  branch  of  Furnace  Creek  along  whicli  tlie  road  runs  across 
the  mountains. 

Both  the  Grapevine  and  the  Funeral  mountains  present  steep  sides 
to  Death  Valley,  which  are  bolder  than  the  western  side  of  the  valley. 
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SEDIMENTARY  ROCKS. 

Mr.  G(M)rge  G.  Davis  has  kindly  sent  the  writer  samples  of  the  chief 
rocks  at  Gold  Mountain,  which  appear  to  l)e  a  jijrayish,  rather  c*oarse- 
grained  quartzite  and  a  dark  blue-gray  slaty  limestone  of  ancient 
appearance.     These  rocks  may  perhaps  be  Cambrian  or  Silurian. 

At  Boundary  Canyon  Mr.  Gilbert  found  limestones  with  imperfect 
fossils,  which,  with  the  stratigraphic  data,  serve  to  connect  the  rocks 
with  the  Cambrian  beds  observnl  farther  east.'' 

At  the  extreme  southern  end  of  the  range,  at  Saratoga  Springs,  Mr. 
GillH^rt^  has  noted  the  following  section  (from  top  to  bottom): 

Section  at  Saratoga  SpHngs. 

Feet 

1.  Gray  clay  slate 600 

2.  Yellow  slate,  with  beds  of  shaly  limestone _ .  800 

3.  Bedded  and  shaly  limestone,  bande<l  in  pnrple,  yellow,  and  brown 3o0 

4.  Cr>'strtllin6  limestone     - -  - .  40 

5.  Dark-brown  quartzose  and  argillat^Rnis  conglomerate . .  140 

6.  Crystalline  limestone. 85 

7.  Green  shale - - 20 

8.  Massive  hornblende  r(x;k,  black  tt)  green 120 

Total 2,155 

According  to  Mr.  M.  R.  Campbell,*'  the  rocks  composing  the  southern 
end  of  tbe  Func^ral  Range  at  Saratoga  Springs  are  limestone,  shale, 
and  quartzite,  presumably  of  pre-Cambrian  age  and  containing  no 
fossils.  They  strike  north  and  south,  and  dip  about  50°  E.  Xo  Tei^ 
tiary  r(M^ks  were  seen  in  the  southern  end  of  the  range  from  Saratoga 
Springs,  while  strata  resembling  those  exposed  at  Saratoga  Springs 
could  be  traced  noHhward  for  several  miles  into  the  high  summits. 

SILURIAN. 

At  Furnace  Creek  Valley  the  writer  observed  bowlders  of  pure  white, 
vitreous  <|uartzit(*  (extending  down  from  Pyramid  Peak,  although  the 
main  mass  of  Uw  mountain  is  limestone.  This  quartzite  resembles 
tlie  Silurian  Eureka  quartzite,  so  persistent  in  Nevada,  and  the  rela- 
tion of  these  IxhIs  to  those  overlying,  which  are  probably  Devonian 
and  ( carboniferous,  makes  it  probable  that  in  l^ramid  Peak  and 
west  of  it  the  strata  are  largely  Silurian.  The  writer  has  been 
informed  by  Mr.  F:  B.  Weeks,  of  the  United  States  Geologic^il  Survey, 
that  at  (Grapevine  Peak  limestones  carrying  Lower  Silurian  fossils 
(probably  corresponding  to  the  Pogonip  formation  of  Eureka)  occur, 
and  he  regards  these  Silurian  rocks  as  probably  continuous  southward 
to  Pyramid  Peak. 

DEVONIAN. 

In  the  mountains  east  of  Pyramid  PeaK  a  great  series  of  easterly 
dipping  limestones  are  exposcnl,   in  which    badly  preserved  fossils 

«  U.  S.  OeoK.  Surv.  W.  One  Hundredth  Mer.,  Vol.  Ill,  pp.  33,  les,  181. 

b  Ibid,  p.  170. 

^•Bull.  U.  S.  Geological  Survey  No.  JSM),  Ifloe,  p.  U. 


Digitized  by 


Google 


SPURR]  GRAPEVINE    AND    FUNERAL   RANGES.  189 

resembling  those  found  in  the  rocks  of  tlie  ranges  just  east  of  here 
were  observed.  In  the  Kingston  Range  Devonian  fossils  were  col- 
lected from  similar  rocks,  and  from  the  great  thickness  of  the  section 
exposed  in  the  Grapevine  Range  at  this  point  it  is  likely  that  both 
the  Devonian  and  the  Carboniferous  may  be  represented  hei-e. 

TERTIARY. 

In  the  eastern  part  of  the  range,  where  the  road  crosses  from  the 
Amargosa  Valley  into  Furnace  Creek,  there  is  found  a  great  amount 
of  conglomerate,  forming  high  hills.  These  conglomerates  are  very 
coai*se  and  contain  rounded  pebbles  and  bowlders  of  all  sizes,  made 
up  of  reddish  and  white  quartzite  and  black  and  gray  limestones 
bearing  the  badly  preserved  Paleozoic  fossils  above  mentioned.  The 
conglomerate  is  as  hard  and  firm  as  the  rocks  from  which  it  is  derived. 
It  is  water-laid  ami  well  stratified,  and  evidently  a  shore  formation. 
The  whole  thickness  exposed  is  estimated  at  4,00()  feet.  It  is  sharply 
folded,  together  with  the  limestones  from  which  it  is  derived,  but  it 
abuts  abruptly  against  these  limestones  on  the  west. 

The  irregularity  of  the  contact  between  conglomerate  and  limestone 
denotes  a  great  erosion  interval,  yet  no  unconformity  of  attitude  is 
ai>parent. 

This  conglomerate  seems  to  fringe  the  north  edge  of  the  lK)ld 
Paleozoic  scarj)  of  the  Grapevine  Mountains  across  the  greater  ix)r- 
tion  of  the  range.  It  is  found  at  various  points.  A  little  west  of 
Pyramid  Peak  conglomerate  occui's,  interbedded  with  and  running 
laterally  into  a  hard  limestone,  which  has  all  the  appearance  of 
being  calcareous  tufa.  A  si>ecimen  examined  microscopically  bears 
out  this  idea  and  shows  that  the  rock  is  probably  a  chemical  precipi- 
tate. It  is  like  a  rock  found  in  crossing  the  Panamint  Range  from 
Death  Valley  to  Windy  Gap,  and  also  like  one  from  the  Esmeralda 
formation,  between  the  Candelaria  Mountains  and  the  Pilot  Range. 

Besides  these  ro(^ks  there  occur,  as  parts  of  the  same  series,  semi- 
consolidated  gravels,  with  clays  partially  hardened  to  slaty  shales, 
limy  clays  partially  consolidated  to  argillaceous  secondary  limestones, 
and  sands  partially  hardened  to  cherty  and  limy  sandstones,  all 
interbedded.  All  these,  including  the  (conglomerate  and  the  limestone 
tufa,  have  a  general  light-yellow,  often  greenish  color,  characteristic 
of  the  series. 

This  sedimentary  series  makes  up  the  greater  portion  of  the  Funeral 
Range.  Along  Furnace  Creek  Valley  and  on  both  sides  of  it  the 
mountains  consist  chiefly  of  yellow-green  strata  capped  by  basalt. 
The  lava  seems  to  occur  interbedded  with  the  sedimentaries,  as  well 
as  overlying  them.  The  series  is  here  consolidated  into  a  hard  clay 
rock,  with  occasional  thin  sandstone,  and  the  general  yellow-green 
color  is  changed  in  places  to  reddish,  yellowish,  and  pinkish.  The 
rocks  are  often  gypsiferous  and  contain  abundant  grass  remains, 
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which  an*,  however,  indeterminable.  From  the  yellow-green  Tertiary 
series  in  the  hills  just  east  of  the  mouth  of  Furnace  Creek  there 
has  l)een  taken  mueh  liorax,  which  occurs  as  borate  of  lime  in  beds  in 
the  strata.  Sui>erint4»ndent  R<»a<*h,  of  the  borax  works  at  Daggett, 
says  that  from  one  hill  hen* — Mount  Blanco — 200  tons  of  borax  a  day 
could  1h»  easily  shipped. 

On  the  eastern  side  of  Death  Valley,  southward  from  Furnace 
Creek,  the  upturned  yellow-green  Tertiaries,  with  some  few  inter- 
calated sheets  of  lava,  constitute*  tlie  mountains.  Beneath  .some  of 
these  she(»ts  the  clays  are  baked  to  a  hmI,  natural  brick.  The  lavas 
seem  to  cM'Cur  chiefly  at  the  top  of  the  yellow-green  series,  or  at  a  still 
higher  hoiizon,  for  the  great  mass  of  beds  exiK)seil  in  the  lower  por- 
tion of  Furnace  Creek  contains  no  lava  sheets;  yet  in  these  beds  occur 
occasionally  lava  bowldei-s  and  pebbles,  so  that  we  conclude  that  the 
I>eri(Kl  WHS  one  of  continual  volcanic  ;u;tivity.  From  fragments  of 
lava  picked  up  at  the  base  of  the  mountains  and  from  observations  at 
a  dist^ince  th  '  lower  lavas  seem  to  be  not  so  basic  as  the  upper  ones, 
which  are  chiefly  olivine- basalt.  A  single  specimen  of  biotite-andesite 
was  all  that  was  collected  to  represent  these  more  siliceous  volcanics. 

Near  the  summit  of  the  pass,  just  east  of  Furnace  Creek,  there 
come  in  al)ovo  the  yellow-green  Tertiary  series  softer,  dark-brown, 
honcycondK»<l  conglomerates,  recalling  the  similar  ix>cks  of  Meadow 
Valley  ('anyon.  Thin  sheets  of  basalt  are  interbedded  with  the  con- 
glonuMat(\s,  but  the  great  sheets  lie  on  top.  Patches  of  this  same 
upper  conglomerate  series  were  elsewlieiv  observed,  and  at  one  place 
its  contact  with  the  underlying  yellow-gi-een  series  appeareil  slightly 
discordant.  The  conglomerate  contains  pebbles  and  bowlders  which 
are  chiefly  of  lava  and  must  have  been  deriveil  from  the  sheets  of 
basalt  which  were  periodically  poured  out  during  the  deposition  of 
tlie  beds. 

A  rough  (estimate  of  the  thickness  of  this  whole  series  of  slightly 
consolidated  IhkIs  and  volcanics  puts  it  at  not  less  than  4,000  feet, 
and  the  nature  of  the  sediments  shows  that  they  must  have  1>een 
deposited  in  standing  wat(»r.  The  presence  in  some  of  the  beds  of 
gypsum,  borax,  and  calcareous  tufa  shows  that  at  some  perioils  the 
watei-s  in  which  the  sediments  were  <leposited  were  evaporated. 
They  were,  therefore,  those  of  an  inclosed  lake,  which  was  probably 
of  great  dimensions.  It  is  likely  that  a  large  portion  of  the  beds  were 
deiM)sited  in  fresh  water  at  a  period  different  from  that  in  which  the 
chemical  precipiUites  were  laid  down. 

The  borax  in  these  beds  is  probably  contemporaneous  with  the 
borax  deposits  in  similar  folded  Tertiaries  at  Daggett  and  elsewhere 
in  the  Mojave  Desert.  Between  these  two  localities,  moreover,  the 
strata,  so  far  as  known,  appear  to  be  roughly  continuous.  The  strata 
of  Mojave  Desert  are  exposed  on  a  grand  scale  at  Cajon  Pass,  where 
they  contain  beds  of  black  lignite. 
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Northward  from  Furnace  Creek,  at  Silver  Peak,  are  found  beds  of 
the  Esmeralda  formation,  which  are  entirely  similar  in  nearly  every 
respect  to  those  at  Furnace  Creek.  Moreover,  the  fossils  found  in 
the  Esmeralda  beds  indicate  a  nearly  similar  age  to  that  indicated 
by  fossils  found  in  the  Tertiary  strata  of  the  Mojave  Desert,  just  west 
of  Cajon  Pass. 

The  upper  part  of  the  Furnace  Creek  beds  is  identical  in  appear- 
ance with  certain  semi-indurated  and  slightly  folded  conglomerates 
and  sandstones  found  in  Meadow  Valley  Canyon,  which  have  been 
referred  to  the  Pliocene.^ 

PLEISTOCENE. 

At  the  lower  end  of  Furnace  Ch'eek  the  steeply  dipping  Upper 
Tertiary  gravels  are  overlain  directly  and  iinconformably  by  hori- 
zontal gravels,  which  are  partly  consolidated  and  form  bluffs  15  feet 
high. 

These  are  the  same  gravels  as  were  noted  on  the  eastern  flanks  of 
the  Panamint  Range,  on  the  road  (uossing  to  AVincly  Gap,  the  beds 
here  having  the  same  appearance  and  position.  Their  perfect  hori- 
zontality  indicates  that  they  ai-e  perhaps  the  deposits  of  a  post- 
Tertiary  lake.  Tliis  lake  was  a  few  hundred  feet  deep,  as  measured 
by  the  highest  of  these  sediments. 

It  therefore  appears  probable  that  the  Furnace  Creek  beds  repre- 
sent nearly  the  whole  of  the  Tertiary  period,  from  the  Eocene  through 
the  Pliocene.  It  is  possible  also  that  the  uppermost  lavas  belong  in  the 
Pleistocene,  for  they  are  fresh  olivine-basalt,  like  that  which  is  kno>m 
to  have  been  extruded  throughout  the  Great  Biisin  j-egion  during  the 
Pleistocene.* 

A  considerable  portion  of  the  area  of  greatest  depi'ession  is  occupied 
by  a  great  brown  desert.  This  has  the  appearance  of  a  newly  plowed 
field  in  color  and  form,  and  appeal's  soft.  On  examination  the  surface 
is  found  to  consist  entirely  of  hard  salt,  rendered  brown  by  a  mixture 
of  soil.  This  deposit  is  probably  the  result  of  the  evaporation  of 
the  Pleistocene  lake. 

This  lake  was  fed  by  the  Amargosa  River.  The  writer  has  been 
informed  by  those  who  are  familiar  with  this  region  that  occasionall}' 
the  Amargosa  River  has  been  seen  to  be  200  feet  wide  at  the  southern 
end  of  Death  Valley,  although  generally  it  is  dry  on  the  surface  as 
far  up  as  Ash  Meadows.  Along  this  dry  course  it  flows  underground, 
as  is  shown  by  the  fact  that  water  may  generally  be  found  by  digging 
a  few  feet  below  the  surface.  In  Death  Valley,  also,  water  can  be 
found  in  many  places  by  digging,  so  the  dregs  of  the  lake  may  be  said 
to  still  exist. 


«See  description  of  Meadow  Valley  Canyon,  Mc»adow  Valley  Range,  M<)rmon  Range,  and 
Virgin  Range. 

<»Soe  J.  E.  Bpurr,  Succession  and  relation  of  Inviu*  in  the  Great  Basin  i*egion:  Jour.  Qool.,  Vol. 
Vm,  p.  636. 
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IGNEOUS   ROi'KS. 
ORANTLAR   RiK'KS. 

Orauitk*  rooks  are  said  to  ocvur  at  (iold  Mountain,  at  the  northern 
end  of  the  ranji^e,  wheiv  the  ^oU\  ores  are  eonnecte<l  with  them.** 

OLIV INK-BASALT    AT    FURNAtK  CRKEK. 

Tlie  Funeral  Mountains  aiv  capixMl  by  heavy  flows  of  pyroxene- 
olivint»-basalt,  whieh  seems  to  have  l)een  sli^litly  involve<i  in  the  latter 
part  of  the  foldinjx  whieh  affeettMl  the  underlying  Tertiaries.  The 
roek  is  blaek  an<l  slagj;^  and  is  identieal  in  api)earance  and  eoniix)si- 
tion  with  the  IMeistoeene  olivine-ba»salts  found  fi-e<iuently  in  Nevada.* 

15esi<les  eappin«if  the  Tertiary  s(Mliments,  the  l>asalt  oi*curs  in  shtH'ls 
whieh  aiv,  in  part  at  least,  certainly  contemporaneous  with  the  upiH*r 
lK»rtion  of  the  se<liments,  esiKH»ially  the  conglomerate  series.  One 
basalt  sheet  was  noted  as  metamorphosing  the  un<lerlyiug  conglonu»r- 
ates,  l)ut  not  the  upper  ones,  and  is  therefoi-e  prolmbly  a  flow  and 
not  an  intruded  sill.  Moreover,  the  iKd>bles  and  Iwwlders  in  the 
upiM*r  conglomerate  series  are  largely  of  the  same  basalt. 

ANDKSITK  AT  FURNAfK  CRKKK. 

Beneath  the  basalt  sheets  there  is  a  certain  amount  of  less  l>ii>iic 
volcanic  nuiterial  in  the  beds.  This  was  not  carefully  invest igate<l, 
but  a  single  specimen  showed  that  biotite-andesite  is  represented. 

VOLCANU-S  NORTH  OK  FURNACE  CREKK. 

North  of  Furnace  Creek  the  whoh*  northeastern  side  of  the  Gnii)e- 
vine  Range  is  overlapped  by  the  sea  of  lava  wliich  occurs  over  most  of 
the  Ralston  and  Amargosa  deserts,  (\\cept  where  obscui-ed  by  Terti- 
ary or  Pleistocene  detrital  accumulations.  At  the  north  end  of  the 
rang<»  th<»s(»  volcanics  may  connect  with  the  volcanic  area  just  noi-th 
of  (iold  Mountain,  which  there  extends  to  the  western  side  of  the 
rang(^  and  is  probably  connected  with  the  lavas  at  the  northern  end 
of  the  Panamint  Range. 

Mr.  (Trilberf  notes  that  rhyolite  occurs  a  few  miles  north  of 
Boundary  (/anyon,  flanking  the  range  lM)th  on  its  eastern  and  it.s  west.- 
ern  side. 

STRUCTURE. 

Mr.  GillMM't^'  has  drawn  a  section  of  the  Grapevine  Range  at  Bound- 
ary Canyon.  This  section  shows  essentially  a  main  anticlinal  fold, 
slightly  overthrown  to  the  west,  with  an  auxiliary,  broad  anticline 

'•  Wheoler  Survey  Explorations  in  Nevada  an«l  Arizona,  War  Department,  1871,  ]».  47. 

''J.  E.  Spurr,  Jour.  Qeol.,  Vol.  VIII,  p.  ««. 

«•  U.  S.  Geog.  Surv.  W.  One  Hundredth  Mer.,  Vol.  Ill,  p.  33. 

dibld.,  p.  Si. 
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forming  the  slopes  of  the  mu^e  toward  Death  Valley,  and  a  syneline 
between  the  two.  These  folds  are  much  broken  up  by  faults,  which, 
as  Mr.  Gilbert  notes,  are  not  only  loiigitmlinal,  but  transverse.** 

In  crossing  the  mountains  at  the  junction  of  the  Grapevine  and 
Funeral  ranges,  on  the  road  leading  to  Furna<te  Creek,  a  good  struc- 
ture section  was  obtained.  The  south-facing  scarp  of  the  Grapevine 
Mountains  shows  a  central  chief  anticline,  with  a  very  great  thick- 
ness of  unifonnly  easterly-dipping  beds  on  the  east  limb.  West  from 
this  central  anticline,  whose  axis  is  immediately  west  of  Pyramid 
Peak,  there  is  a  second  anticline,  also  with  steep  dips,  in  the  moun- 
tains immediately  above  Death  Valley,  and  between  the  two  anti- 
clines is  a  slight  syneline.  On  the  south  side  of  the  pass,  in  the  lower 
Funeral  Monntains,  it  seemed  to  the  writer  that  there  is  about  the 
same  structure,  although  the  dips  appear  to  be  decidedly  less.  No 
faults  were  noted  in  this  section,  though  they  very  likely  exist. 

The  folds  at  Furnace  Creek  are  probably  continuous  with  those 
shown  in  Mr.  Gilbert's  section.  As  the  writer  looked  along  the  face 
of  the  Grapevine  Mountains,  northward  from  Furnace  Creek,  he 
thought  to  be  able  to  trace  the  western  anticline  at  least  as  far  as 
Boundary  Canyon. 

The  Tertiary  beds  of  the  Funeral  Mountains  have  thei'efore  been 
folded  together  with  the  Paleozoics  of  the  Grai)evine  Range.  Yet  the 
Paleozoic  limestones  appear  to  have  in  general  steeper  dips  than 
the  Tertiary  strata.  Nevertheless,  the  chief  folding  has  come  about 
since  the  deposition  of  the  Tertiary.  Not  only  the  lower  Tertiary 
beds,  but  also  the  upper  conglomerates  are  folded,  and  even  to  a  cer- 
tain extent  the  interbedded  and  overlying  oli vine-basalt,  which  is  of 
fresh  appearance  and  may  be  in  part  as  young  as  Pleistocene.  '  Cer- 
tainly, therefore,  the  upheaval  of  the  Funeral  Mountains  and  the 
present  Grapevine  Range  has  l)een  very  recent  indeed. 

This  is  illustrated  in  the  Funeral  Range,  which,  as  viewed  by  the 
writer,  seemed  to  consist  near  its  northern  end  of  two  anticlinal  ridges 
with  a  synclinal  valley  between.  This  synclinal  valley  is  occupied  by 
Furnace  Creek,  which  follows  the  folding  in  all  its  bendings.  The 
northwesterly  course  of  the  lower  portion  of  Furnac*e  Creek  is  caused 
by  a  corresponding  bend  in  the  synclinal  trough.  This  deflection  of 
the  Furnace  Creek  syneline  a[)peai'8  not  to  be  continuous  into  the 
Paleozoic  strata  just  north  of  here,  and  it  is  very  likely  due  to  the 
differential  folding  of  the  Tertiary  strata  against  the  hard  Paleozoic 
buttress.  In  the  summit  of  the  pass  above  Furnace  Creek,  this  fold- 
ing against  the  Paleozoic  cliff  is  well  shown  by  a  sharp  local  anticline 
in  the  Tertiary  beds,  the  north  limb  of  .which  dips  from  20  degrees  to 
45  degrees  toward  the  Paleozoic  wall,  which  does  not  take  part  in  the 


a  Mr.  F.  B.  Weeks,  of  the  U.  8.  Geological  Sxirvey,  found  in  1900  that  at  Grapevine  Peak 
the  main  range  was  decidedly  synclinal  in  structure,  the  axis  of  the  fold  in  general  transverse 
to  the  trend  of  the  range. 
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flexure.     This  fold,  however,  is  of  slight  width,  the  dip  reversing  and 
flattening  a  hundred  yards  south.     (See  PL  VllI,  A,) 

rAsumA. 

The  succession  of  events  in  the  Grapevine  and  Funeral  ranges  and 
in  the  region  of  Death  Valley  is,  then,  about  as  follows: 

1.  Deposition  of  a  thick,  conformable.  Paleozoic  series. 

2.  Elevation  to  a  land  mass,  without  marked  folding. 

3.  The  formation  of  sharp,  lofty  mountains,  with  deep  valleys. 

4.  The  deposition  of  the  thick  Tertiary  series.  This  took  place,  in 
part  at  least,  in  a  great  lake  or  inland  sea.  In  this  lake  were  deposited 
near  the  shores  conglomerates  and  breccias  derived  from  the  Paleozoic 
rocks;  in  the  other  portions  were  formed  silts  mixed  occasionally  with 
gravels.  During  the  deposition  of  this  series,  especially  the  later- 
portion,  there  was  volcanic  activity,  and  sheets  of  lava  were  poured 
into  the  lake,  thus  becoming  intercalated  with  the  sedimentary  beds. 

5.  The  lake,  probably  generally  fresh,  was  at  certain  times  reduced 
and  evaporated,  so  that  beds  containing  salt,  borax,  silica,  and  lime 
were  chemically  precipitated  and  mingled  with  the  detrital  silts. 

6.  The  volcanics  changed  to  olivine-basalt.  These  lavas  are  asso- 
ciated with  well-stratified  sediments,  such  as  might  have  been  formed 
in  a  lake,  but  accurate  data  bearing  on  this  point  are  lacking.  ITie 
sediments  may  possibly  be  the  result  of  stream  action.  They  consist 
of  brown  and  red  conglomerates,  which  overlie  the  yellow-green  lake 
beds,  and  are  separated  from  them  by  some  slight  movement  and  per- 
haps an  erosion  gap. 

7.  Final  flows  of  olivine-basalt. 

8.  'Probably  beginning  before  the  deposition  of  the  Tertiary,  but 
not  l>ecoming  very  important  until  during  and  after  the  close  of  this 
period,  c'ame  a  disturbance,  leading  to  rapid  folding.  The  crust  was 
bent,  and  perhaps  broken,  forming  hills  and  valleys.  Death  Valley 
was  <Teatcd. 

9.  The  mountains  were  eroded,  producing  minor  irregular  forms. 
The  climate  being  slightly  moister  than  now,  a  shallow  lake  a  few 
hundred  feet  deep  was  formed  in  the  bottom  of  Death  Valley.  This 
soon  became  charged  with  salt,  borax,  etc.,  derived  chiefly  from 
the  leaching  of  the  earlier  lake  beds,  now  become  mountains.  At 
this  period  the  late  Pleistocene  shore  gravels  were  formed. 

10.  The  climate  becoming  drier,  the  lake  evaporated,  leaving  a  salt 
desert.  Since  that  time  there  has  been  only  a  slight  incision  of  the 
lake  shore  conglomerate  by  the  drainage  from  the  mountains  to  the 
dry  valley. 

AMARGOSA  VALLEY. 

The  Amargosa  Valley  lies  between  the  Kingston  and  Funeral 
ranges.  The  following  notes  are  from  Mr.  R.  B.  Rowe's  notebooks, 
except  where  credited  to  Mr.  Campbell. 
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METAMORPHIC   ROCKS. 

Metamorphic  rocks  are  exposed  alK)uta  mile  tielow  the  China  ranch. 

SEDIMENTARY   ROCKS 
TERTIARY. 

Overlying  the  metamorphic  rocks  at  the  point  mentioned  above  are 
Tertiary  deposits.  These  Tertiary  lakes  were  dry  part  of  the  time,  or 
receded  to  a  great  extent  and  then  swelled  out  again,  for  talus  and 
lake  deposits  alternate  with  each  other  in  the  lower  Amargosa.  At 
China  ranch  the  Amargosa  River  cuts  through  the  Tertiary  beds  to 
a  depth  of  200  or  300  feet. 

Mr.  M.  R.  Campbell  ^  has  indicated  on  a  map  two  areas  of  Tertiary 
lake  beds  near  Amargosa  Valley,  one  around  Resting  Springs  and  the 
other  south  of  Ash  Meadow. 

STRUCTURE. 

At  China  ranch  the  Tertiaries  have  been  uplifted  so  that  they  dip 
at  a  high  angle.  The  structure  seems  to  be  monoclinal.  There  is  also 
some  faulting  in  the  Tertiary  beds.  Above  China  ranch  the  late  talus 
deposits  overlying  the  Tertiary  are  tilted  up  to  a  high  angle,  together 
with  the  Tertiary  rocks. 

For  a  distance  of  3  miles,  near  China  ranch,  the  Amargosa  River 
has  recently  cut  down  about  20  feet  into  an  old  river  deposit  or  wash. 
For  a  distance  of  about  1  mile  it  is  beginning  to  cut  down  4  or  5  feet 
farther.  This  is  shown  by  waterfalls  in  the  talus.  This  local  down- 
cutting  seems  to  indicate  recent  movement. 

Mr.  M.  R.  Campbell*  states  that  the  Tei-tiary  beds  in  this  valley 
bear  evidence  of  considerable  crustal  movement  since  their  deposi- 
tion. The  eastern  margin  that  rests  against  the  foot  of  the  Kingston 
Range  is  800  feet  higher  than  the  uppermost  beds  of  the  same  series 
at  the  foot  of  Funeral  Mountain.  This  indicates  a  depression  toward 
the  west,  in  the  direction  of  Death  Valley.  It  seems  possible  that 
the  change  was  due  to  the  sinking  of  Death  Valley  to  its  present 
position  below  sea  level. 

KINGSTON  RANGE. 

The  Kingston  Range  lies  l>etween  Pahrump  Valley  and  the  valley 
of  Amargosa  River.  The  California-Nevada  line  passes  along  its 
eastern  base.  The  range  has  a  northwest-southeast  trend  and  is  50 
or  60  miles  in  length.  At  its  northern  end  it  is  separated  by  a  short 
valley,  called  Stuart  Valley,  from  the  mountains  which  lie  directly 
north  of  Pahrump  Valley,  and  which  form  an  irregular  group  afford- 
ing a  partial  connection  between  the  Spring  Mountain  Range  and  the 
Kingston  Range.  This  group  will  be  described  together  with  the 
Kingston  Range. 


aBuUedn  U.  8.  Geol.  Survey  No.  200.  b  Ibid.,  pp.  U»  16, 
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The  Kingston  Range  generally  has  steep  fronts,  especially  along 
the  main  eastern  side,  where  it  faces  Pahrump  Valley. 

SEDIMENTARY   ROCKS 
CAMBRIAN. 

Mr.  R.  B.  Rowe,  in  1900-1901,  discovereil  and  described  Cambrian 
in  the  Kingston  Range.  The  following  information  has  been  t^ken 
from  his  notel)ooks: 

The  greater  part  of  the  Kingston  Range  is  made  up  of  Cambrian 
strata.  On  the  road  from  the  post-office  at  Sandy  to  Kingston  Peak 
there  are  sandstones  and  limestones,  with  metamorphosed  gray  schists 
cut  by  dikes. 

Kingston  Mountain  consists  of  a  central  core  of  granite,  which  is 
topped  on  the  north  and  northeast  by  a  fine-grained  white  quartzite 
with  reddish  bands.  The  succession  at  Kingston  Peak,  near  Horse 
Spring,  from  thel)ottom  up,  is  as  follows: 

Sevtion  at  Kingston  Peak. 

1.  White,  gray,  or  red  quartzites. 

2.  Red,  gray,  and  blue  slates,  and  heavy  beds  of  qnartzite. 

3.  Dark  blue,  much  altered  limestone. 

4.  Light  gray,  arenaceous  limestone,  much  altered,  with  crystallizetl  calcite 

in  its  crevices  and  interspaces. 

5.  White  and  brownish  quartzite,  with  conglomerate  at  the  bottom.     This 

sometimes  alternates  with  the  rod,  gray,  and  bine  slates. 

In  some  places  the  white  quartzite  at  the  base  seems  to  run  into  a 
gray  gneiss. 

On  the  road  between  Manse  and  Resting  Springs,  through  the  pass 
going  to  Tecopa,  there  is  an  excellent  section  of  the  mountains  east  of 
Resting  Springs.  The  Cambrian  seems  to  be  repeated  at  this  point, 
probably  by  a  fault.  At  Resting  Springs  the  thickness  of  the  Cam- 
brian, partly  estimated  and  partly  actually  measured,  is  aibout  1,500 
feet,  and  can  not  be  more  than  2,000  feet.  About  4  or  5  miles  north 
of  Resting  Springs  the  Cambrian  is  capi>ed  by  lava. 

On  the  spur  of  the  Kingston  Range  ending  at  Resting  Springs,  at  a 
locality  about  2  miles  north  of  the  springs,  the  following  section,  from 
the  bottom  up,  was  observed : 

Section  J  miles  north  of  Resting  Springs, 

Feet. 

Heavy  sandstone,  probably  all  conglomeratic.  Observed  pebbles  were  all 
well-rounded  (quartzite 3, 000 

Generally  gray  shales,  with  bands  of  sandstone    1, 000 

Dark-blue  limestone  with  shales  and  siliceous  limestones,  containing  trilo- 
bites  and  other  Cambrian  fossils  . .    .   100 

Quartzitic  sandstones  and  shales 700 

About  7  miles  east  of  Resting  Springs  the  rocks  in  the  range,  which 
is  part  of  the  Kingston  Range,  are  in  part  Lower  Cambrian,  and  are  a 
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repetition  of  those  exposed  at  Resting  Springs.  Thei^  is  shown  in 
these  mountains  about  4,000  feet  of  Lower  Cambrian  or  earlier  rocks. 
Tliey  consist  chiefly  of  reddish  and  gray  sandstone,  some  calcareous 
sandstones,  and  red  and  blue  shales.  Fossils  were  found  within  about 
1,500  feet  of  the  top,  and  none  below  that.  Although  a  diligent  search 
was  made,  they  were  found  only  in  one  ledge,  and  seemed  to  be  poorly 
represented  even  there.  About  800  feet  below  the  top  of  the  shale 
and  sandstone  formation,  fossils  ai*e  very  abundant  in  some  very 
thin  sandstones.  They  consist  mainly  of  trilobites,  Hyolifhes^  and  a 
brachiopod. 

In  the  pass  oast  of  Resting  Springs,  about  800  feet  beneath  the 
dark  blue  limestones^  Cambrian  fassils  were  collected.  The  section 
consists,  from. the  bottom  up,  as  follows: 

Section  in  pasa  eaat  of  ResHng  Springs, 

Feet. 

1.  Reddish  sandstones  and  shales,  blue  shales,  calcareous  sandstones,  etc., 

About  2,500  feet  from  the  bottom  Camhrian  fossils  are  found,  and  they 

are  also  found  800  feet  from  the  top . .  4, 000 

2.  Massive  dark-blue  limestone,  apparently  containing  no  fossils. 2,000 

3.  Light-gray  limestone  in  more  or  less  thin  layers 300 

4.  Shaly  brown  sandstone,  with  beds  of  limestone.     Contains  small  trilobites 

and  linguloid  shells.    Probably  Cambrian  and  possibly  Lower  Cambrian .        20 

About  8  miles  east  of  Resting  Springs  is  found  No.  5  of  the  sec- 
tion, consisting  of  light-gray  and  dark-blue  limestone,  more  or  less 
massive;  thickness,  about  2,000  feet.  There  is  an  apparent  uncon- 
formity between  this  limestone  and  the  underlying  formations. 
Certain  parts  of  the  limestone  are  penetrated  by  what  may  l)e  worm 
borings,  now  filled  with  calcite. 

About  ^  miles  east  of  Twelvemile  Springs  is  blue  and  gray  lime- 
stone. From  loose  blocks  found  trilobites  were  collected,  which  did 
not  appear  to  Mr.  Rowe  to  be  Lower  Cambrian,  but  to  l)e  somewhei'e 
between  the  Trenton  and  the  Lower  Cambrian. 

On  the  road  from  Resting  Spnngs  to  Tecopa  the  rocks  are  largely 
composed  of  gneiss  containing  pegmatite  dikes.  Upon  the  gneiss  lie 
shales,  sandstones,  and  limestones  of  C^ambrian  or  pre-Cambrian  age. 

On  the  road  from  Pahrump  ranch  to  Furnace  Ci'eek,  along  the 
northern  edge  of  the  Kingston  Range,  Mr.  Rowe  collected  Lower 
Cambrian  fossils  from  the.gray  shaly  sandstone. 

DEVONIAN. 

The  range  was  crossed  by  the  writer^  on  the  road  between  Pah- 
rump Valley  and  Furnace  Creek,  in  the  Funeral  Rauge,  this  road 
leading  past  Sulphur  Spring  and  the  head  of  Stuart  Valley. 

Near  Sulphur  Spring  there  outcrops  a  crystalline,  dark-blue,  often 
fine-grained,  siliceous,  fetid  limestone.     It  is  much  altered  by  folding, 


« J.  E.  S. 
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but  a  small  lot  of  fossils  was  obtained,  which  are  regarde<l  by  Dr. 
Girty  as  Devonian.     The  species  are  as  follows: 

Zaphrentis  sp.  Spiiifer  maia. 

Orthis  sp.  Spirifer  mala  (small  variety)?. 

Chonetes  deflectnsr.  Spirifer  argentarins. 

About  10  miles  northwest  of  the  fossil  locality  above  mentioned 
occurs  a  Tertiary  conjjflomerate,  containing  pebbles  of  this  limestone 
and  quartzite,  and  from  these  pebbles  another  collection  of  fossils 
was  made,  which  are  determined  by  Dr.  Girty  to  l>e  Devonian: 

Zaphrentis  sp.  Spirifer  indeterminable. 

Oinoid  stems.  Athyris?  sp. 

Bryozoan  fragments.  Atrypa  missourensis. 

Spirifer  pinyonensis.  Phfiethonides  sp. 

MBSOZOIC 

At  the  summit  of  the  pass  between  Manse  and  Tecopa  Mr.  Rowe 
noted  that  the  Paleozoic?  limestone  is  overlain  by  light-gray  and 
chocolate  sandst^)nes,  reddish  and  re<l  sandstones,  and  dark-brown 
sandstones.  Some  of  these  are  conglomeratic.  Lithologically,  this 
formation  is  like  the  Mesozoic  of  the  Spring  Mountain  Range.  These 
rocks  seem  to  l>e  unconformable  with  the  underlying  dark-blue  Paleo- 
zoic limestone,  the  dip  of  the  Paleozoic  rocks  being  about  10  or  15 
degrees  greater.  The  supposedly  Mesozoic  roc»ks  are  about  1,<.X)0  feet 
thick,  and  are  overlain  to  the  south  by  a  lava  bed. 

*     TKRTIARY. 

On  the  border  of  the  Amargosa  Desert,  in  the  foothills  of  the  north 
end  of  the  Kingston  Range,  is  found  a  coarse  breccia  or  cx>nglomerate, 
containing  pebbles  of  brown  or  blue  fetid  limestone  and  quartzite 
similar  to  that  found  in  place  in  the  Devonian  series.  These  pebbles 
are  angular,  subangular,  or  rounded,  and  are  of  all  sizes  up  to  2  feet 
in  diameter.  They  are  cemented  by  a  coarse,  red  matrix,  probably 
chiefly  derived  from  the  limestone.  The  stratification  is  hardly  trace- 
a]>le,  yet  the  deposit  is  probably  water-laid.  The  general  dip  seems 
to  l)e  a  few  degrees  northeast.  About  two  miles  west  of  here  there 
occurs  a  thick  deposit  of  medium  coai'se  granitic  arkose,  which  becomes 
finer  grained  and  changes  to  greenish  sand.  Farther  west  this  sand 
is  w»en  to  overlies  a  series  of  soft  gray-green  shales,  sandstones,  and 
granitic  arkoses,  moderat4»ly  well  hanlened.  The  strike  of  this  series 
is  north  and  south  and  the  dip  15°  E.  The  finer  strata  show  oscilla- 
tion ripple  marks,  such  as  are  formed  in  standing  water,  a  few  inches 
apart.  Somewhat  farther  west,  in  the  same  series,  was  found  a  pure 
white,  compa(!t  rock,  which  microscopic  investigation  shows  to  be  a 
consolidated  volcanic  ash.  It  consists  of  many  fragments  of  glass  in 
a  white  opaque  dust  matrix.  The  ash  underlies  greenish,  considerably 
indurated,  san<lstones,  often  oxidized  to  a  red  color. 

This  detrital  series  resembles  the  series  of  shales,  tuffs,  and  sand- 
stones exposed  near  Columbus  and  Silver  Peak,  which  have  been 
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described  by  Mr.  Turner  under  the  name  of  the  Esmeralda  formation, 
and  which  carry  early  Tertiary  fossils.  The  series  is  also  probably 
the  same  as  that  which  makes  up  part  of  the  Funeral  Range,  and 
extends  over  so  wide  a  region  south  of  hei'e.  Like  all  these  beds,  it  is 
probably  early  Tertiary. 

Mr.  R.  B.  Rowe  noted  that  about  Resting  Springs  there  are  Tei'tiary 
deposits  younger  than  the  lavas  of  the  same  region. 

IGNEOUS   ROCKS. 

The  Tertiary  arkoses  described  above  seeui  to  indicate  the  existence 
of  granite  somewhere  in  the  vicinity.  As  viewed  from  Pahrump  Val- 
ley, the  southern  portion  of  the  Kingston  Range  in  the  neighborhood 
of  Kingston  Peak  has  a  rugged,  massiv^e  aspect  which  may  denote  the 
presence  of  granite.  Granite  occurs  not  far  southeast  of  here  in  the 
Clarks  Peak  Mountains,  where  it  cuts  the  Paleozoic  limestones. 

At  the  extreme  northern  end  of  those  low  outlying  mountains  which 
lie  to  the  north  of  the  Pahrump  Valley  there  appeal's  to  be,  as  seen 
from  Pahrump  Valley,  a  portion  where  the  topography  is  low,  smooth, 
and  rounded,  contrasting  with  the  rugged,  banded,  stratified  rocks 
farther  south.     This  more  monotonous  region  is  probably  volcanic. 

Mr.  Rowe  noted  the  following  concerning  the  igneous  rocks  subse- 
quent to  writing  the  above: 

North  of  Resting  Springs  the  Cambrian  rocks  are  covered  by  lavas, 
which  are  .separated  from  the  underlying  rocks  by  an  erosion  interval, 
but  are  folded  to  about  the  same  extent.  These  lavas  dip  at  a  high 
angle  and  are  carved  by  erosion,  like  the  sedimentary  rocks.  Thej' 
do  not  appear  to  be  as  recent  lavas  as  those  in  the  Tertiary  deposits. 
They  occupy  ancien^^erosion  valleys  in  the  Cambrian. 

Between  Resting  Springs  and  Tecopa  basalt  is  present  in  large 
quantities. 

Gneisses  in  the  pass  between  Sandy  and  Kingston  Peak  are  cut 
by  many  dikes.  Kingston  Peak  itself  has  a  central  core  of  probably 
pre-Cambrian  or  basal  iji'anite.  The  overlying  quartzite  is  cut  by 
dark-colored  igneous  rocks. 

STRUCTURE. 

According  to  Mr.  R.  B.  Rowe,  the  general  structure  of  the  Kings- 
ton Range  seems  to  be  monoclinal,  the  dip  being  to  the  east.  At 
Kingston  Peak  the  Cambrian  strata  which  overlie  the  central  core  of 
granite  dip  to  the  north  and  are  folded. 

A  sketched  cross  section  of  the  range  north  of  the  road  between 
Sandy  and  Kingston  Peak  seems  to  indicate  a  slight  synclinal  struc- 
ture at  this  point.     There  is  also  a  great  deal  of  faulting  here. 

At  Kingston  Peak  there  is  considerable  faulting  at  right  angles  to 
the  strike  of  the  rocks,  and  some  parallel  to  the  strike.  The  pass 
east  of  Resting  Springs  seems  to  l)e  along  a  transverse  fault. 
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About  ft  miles  east,  of  Resting  Springs,  and  abont-  2  miles  northeast 
of  the  pass,  is  a  normal  fault  running  20  degi'ees  west  of  north.  This 
fault  is  also  shown  in  the  Resting  Springs  Valley.  It  brings  up  the 
Lower  Cambrian  shales  and  sandstones  against  the  overlying 
limestone.  The  writi^r"  has  estimated  the  throw  of  the  fault,  from 
Mr.  Rowe's  description,  to  be  about  8,000  feet. 

There  is  an  appaivnt  uneonfonnity  at  Ibis  place  l)etween  the  lower 
Cambrian  and  the  overlying  limestone.  The  limestone  strikes  N.  2^° 
W,  and  dips4;r  NE. 

Al>out  0  miles  north  of  Resting  Springs  the  lavas  which  lie  upon 
the  (.ambrian  are  folded  to  the  same  extent  as  the  Cambrian,  lK)th 
dipping  northeast  52°.  The  Cambrian  rocks  must  have  l)een  nearly 
level  at  the  t ime  of  the  eruption  of  the  lava,  although  ero<led  to  a  con- 
siderable ext-ent.  The  lava  flowed  over  the  eroded  region,  and  was 
deposited  in  the  valleys,  against  the  edges  of  the  strat-a.  Then  at  a 
later  perio<l  both  were  raised. 

A  section  of  a  spur  of  the  Kingston  Mountains  east  of  Resting 
Springs  shows  a  monoclinal  structure,  the  dips  l)eing  uniformlj^  east. 
The  fault  above  mentioned  runs  nearly  parallel  to  the  range. 

OPAL  OR  CLARKS  PEAK  MOUNTAINS. 

This  is  a  small  group  of  mountains  situated  on  the  StAt^  line 
between  Nevada  and  California,  just  south  of  the  southern  end  of  the 
Spring  Mount4iin  Range.  Its  chief  eminence  is  Clarks  Peak.  The 
mountains  are  probably  to  be  considered  as  an  extension  of  the  Kings- 
ton Range. 

Mr.  Gilbert^  notes  that  in  these  mountains  near  Ivanpah  the  ix>cks 
are  (»hiefly  linu^stone,  of  which  the  age  was  not  determined.  Judging 
from  the  fa(»t  that  the  whole  southern  part  of  tlie  Spring  Mountain 
Rainge  is  Carboniferous  and  that  the  Kingston  Range  is  apparentl}' 
also  largely  composed  of  Carboniferous  and  Devonian,  it  is  likely  that 
the  limestone  of  the  Clarks  Peak  Mountains  l>elongs  to  much  the 
same  period. 

Mr.  Gilbert  further  notes  that  the  central  portion  of  these  moun- 
tains is  occupied  by  a  l)clt  of  granite,  cutting  Qbliquely  across  the 
range,  with  limestone  on  botli  sides. 

ORE   DEPOSITS. 

Rich  silver  oies  occur  in  tbese  mountains,  iKith  in  the  limestone 
and  granites      Farther  south  large  deposits  of  copper  are  repoHed.** 

PANAMINT   RANGE. 

The  Panamint  Range  is  one  of  the  most  important  of  the  ranges 
auxiliary  to  the  Sierra  Nevada,  which  lie  in  the  belt  east  of  it  and  run 


« J  E.  s. 

fcU.  S.  GtHjg  Surv  W.  One  Hundi-edth  Mer.   Vol.  Ill,  p.  32. 

«?  Wheeler  Surv.  Expl.  in  Nevada  and  Arizona.  War  Dt^partment,  1871,  p.  53 
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northwest  and  ►southeast  parallel  to  its  front.  The  range  is  about  130 
miles  in  length.  At  its  nortliern  end  it  merges  into  lava  flows  which 
unite  it  with  the  northern  end  of  the  Grapevine  Range,  while  at  its 
southern  end  it  passes  into  low  hills  of  Tertiary  strata  and  associated 
lavas  capped  by  later  basic  volcanlcs.  It  forms  the  southwestern 
barrier  of  Death  Valley,  which  it  fronts  with  a  steep  slope. 

This  range  has  been  very  little  explored  and  not  much  is  known 
concerning  its  geology.  The  detail  of  its  mapping,  therefore,  and 
especially  the  differentiation  of  the  Paleozoic  which  is  known  to  exist 
in  its  central  portion  into  the  Cambrian  and  Silurian  (as  has  been 
done  on  the  accomparying  map,  PI.  I),  is  very  hypothetical. 

SEDIMENTARY   ROCKS. 
CAMBRIAN. 

On  the  east  front  of  the  range,  alK)ve  the  road  from  Furnace  Creek " 
in  Death  Valley  to  the  crossing  of  the  range  at  Windy  Gap  or  Win- 
gate,  a  large  portion  of  the  range  consists  of  older  stratified  rocks, 
which  seem,  as  viewed  from  a  distance,  to  lie  beneath  upturne<l  Ter- 
tiary sediments  and  associated  volcanics,  and  are  cut  througli  by 
masses  of  intrusive  granite.  Mo  close  examination  of  these  older 
rocks  was  made,  but  the  drift  shows  them  to  be  in  part  finely  crystal- 
line blue  limestone,  and  in  part  quartzite,  white,  gray,  or  green,  oft^n 
considerably  altered  and  often  coarse  grained.  The  amount  of  quart- 
zite in  the  drift  implies  a  considerable  thickness  of  this  rock  and 
suggests  that  the  strata  are  of  Cambrian  age,  as  this  is  the  only  divi- 
sion of  the  Paleozoic  in  this  region  which  contains  great  amounts  of 
quartzite. 

From  this  neighborhood  northward  the  Panamint  Range  is  com- 
posed chiefly  of  old  Paleozoic  stratified  rocks  till  near  its  northern 
end,  as  can  be  plainly  seen  from  Death  Valley.  On  the  accompany- 
ing map  Cambrian  rocks  are  represented  as  running  along  the  (irest 
of  the  range,  the  flanks  being  occupied  by  Silurian. 

The  Panamint  Range  has  been  examined  by  Mr.  11.  W.  Fairbanks* 
for  some  distance  north  of  the  region  crossed  by  the  writer.  Mr. 
Fairbanks  found  on  the  western  side  of  the  range,  north  of  Windy 
Gap  as  far  as  the  Pinto  Range  (which  is  a  spur  of  the  Panamint 
Range  running  north west<erly  from  the  Wild  Rose  mining  district), 
that  a  large  portion  of  the  rocks  are  mica-schists,  quartzites,  and 
marbles,  which  have  been  cut  by  intrusive  granite.  According  to  Mr. 
Fairbanks,  the  Pinto  Range,  as  viewed  from  the  Argus  Range,  appears 
also  to  be  formed  of  bands  of  marble  of  various  colors. 

In  the  Grapevine  Range  at  Boundary  Canyon  Mr.  Gilbert*  found 
limestones  containing  imperfect  Cambrian  fossils.  lie  notes  that  in 
that  part  of  the  Panamint  Range  which  lies  opposite  Boundary 
Canyon  the  rocks  appear  from  a  distant  view  to  be  similar. 


a  Notes  on  the  geoloify  of  ea-stem  California:  Am.  Gool.,  Vol.  XVII,  1896,  p.  63. 
fcU.S.Geog.Surv.W.One  Hundredth  Mer.,Vol.III,p.  33,169,181. 
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The  strike  of  the  folds  is  parallel  with  the  trend  of  the  range,  so 
that  unless  disturbe<l  by  cross  faulting  the  same  general  formations 
will  be  found  for  many  miles.  Therefore  the  Cambrian  and  Silurian 
have  been  represented  on  the  map  as  extending  northward  until 
covered  by  volcanic  flows  at  the  northern  end  of  the  range. 

SILURIAN   AND  CARBONIFEROUS. 

Mr.  F.  B.  Weeks,  of  the  IT.  S.  Geological  Survey,  visited  various 
parts  of  the  range  in  1900.  Near  Panamint  he  found  quartzite  and 
limestones  which  he  referred  on  stratigraphic  grounds  to  the  Cam- 
brian. South  of  Shaw  Peak  (near  the  northern  end  of  the  range)  he 
found  a  considerable  extent  of  Silurian  rocks,  with  Lower  Silurian 
(Pogonip)  fossils,  as  subsequently  determined  by  Mr.  Ulrich.  South 
of  here  the  Silurian  Pogonip  formation  was  succeeded  by  the  over- 
lying Eureka  quartzite,  and  still  farther  south  were  the  Upper 
Silurian  limestones,  making  the  Silurian  belt  extend  to  Cottonwood 
Canyon.  At  the  mouth  of  Cottonwood  Canyon  Mr.  Weeks  found 
Carboniferous  fossils — Productus^  crinoid  stems,  and  a  species  of 
8eminula{f). 

EARLY  TERTIARY. 

The  eastern  flanks  of  the  range  fronting  Death  Valley,  as  seen  on 
the  road  between  Furnace  ('reek  and  Windy  Gap,  are  composed  of 
upturned,  yellow-green  strata  and  associated  volcanics  lying  upon 
the  older  rocks  with  no  evident  unconformity,  and  partaking  of  their 
folds.  This  belt  of  int^rbedded  volcanics  and  sediments  grows  wider 
toward  the  south,  and  soon  completely  covers  the  Paleozoic  area, 
which  is  wedged  out  between  the  younger  series  and  the  granite. 
The  same  series  occurs  along  a  great  part  of  the  road  which  crosses 
the  range  to  Windy  Gap.  It  cx)nsists  of  layers  of  calcareous  tufa, 
evidently  chemical  deposits,  with  brown  conglomerates  containing 
lava  bowlders,  interst ratified  with  and  covered  by  lava,  lava  conglom- 
erate, and  lava  breccia.  The  lava  in  these  belts  proved,  in  three 
difl'erent  samples,  to  be  biotite-hornblende-andesite. 

This  series  of  conglomerates,  breccias,  tuffs,  chemical  precipitates, 
and  lavas  is  the  same  as  that  exposed  on  the  opposite  side  of  Death 
Valley,  where  it  forms  practically  the  whole  mass  of  the  Funeral 
Mount-ains.  In  the  Funeral  Mountains  these  rocks  have  been  pro- 
visionally correlated  with  the  Esmeralda  formation  in  theSilver  Peak 
Range,  which  are  chiefly  Eocene-Miocene. 

LATE  TERTIARY. 

Mr.  H.  W.  Fairbanks  notes «  that  on  the  northern  slopes  of  the 
Panamint  Range,  overlooking  Mesquite  Valley,  there  are  lai'ge  areas 
of  gravels,  which  are  unconsolidated  and  reach  an  elevation  of  6,000 
feet,  ext>ending  nearly  to  the  summit  of  the  range.     These  may  be 


aAm.Geol.,Vol.  XVU,1896,p.7L 
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comparable  to  the  younger  semi-indurated  conglomerate  series  in 
the  Funeral  Range,  which  is  probably  late  Tertiary,**  or  may  be  even 
Pleistocene. 

PLEISTOCENE. 

At  the  foot  of  the  range,  above  Death  Valley,  at  its  southern 
end,  one  finds,  overlying  unconformably  the  Tertiary  deposits  just 
described,  bluffs  of  well-rolled  pebbles  and  small  bowlders  with  per- 
fectly horizontal  stratification,  the  strata  making  a  continual  angle 
with  the  slight  dip  of  the  surface  to  the  east.  This  horizontality  sug- 
gests that  the  deposit  is  a  lake  deposit,  and  connects  it  with  similar 
conglomerates  observed  in  a  similar  position  in  the  lower  part  of 
Furnace  Creek,  in  the  Funeral  Mountains.  These  conglomerates  are 
also  intimately  connected  with  the  gravels  which  occupy  the  bottom 
of  Death  Valley  and  with  the  salt  desert  which  occurs  between  the  two 
localities  just  described. 

IGNEOUS  ROCKS. 
GRANITE. 

In  the  southern  i)ortion  of  the  range  the  core  of  the  mountains  for 
some  distance  is  made  up  of  a  body  of  massive  granite,  which  varies 
to  granite-porphyry.  This  granite  appears  to  be  intrusive  into  the 
Paleozoic  rocks,  but  not  into  the  Tertiaries.  Along  the  road  which 
crosses  the  range  east  of  Windy  Gap  the  granite  is  hidden  beneath 
these  Tertiary  rocks,  but  just  south  of  the  road  another  patch  of 
granite  i»  exi)Osed  around  Granite  Peak.  The  rock  at  Granite  Peak 
was  shown  by  microscopic  examination  to  be  a  biotite-granite,  verging 
toward  alaskite,  while  farther  north  two  samples  of  granite  proved  to 
be  biotite-granite-porphyry. 

Farther  north,  according  to  Mr.  Fairbanks,''  the  granite  which  cuts 
the  ancient  limestones  and  quartzites  in  the  mining  regions  on  the 
east  side  of  Panamint  Valley  is  a  biotite-homblende-granite  with 
much  quartz. 

VOLCANIC  ROCKS. 

As  already  stated,  volcanic  rocks  make  up  a  considerable  portion 
of  the  Tertiary  formations.  Three  specumens  of  these  rocks  examined 
all  proved  to  be  biotite-  or  hornblende-andesite,  but  probably  other 
rocks  occur  in  the  series. 

Overlying  these  folded  lavas  unconformably  is  a  later  flow  of  more 
basic  rock,  which  covers  a  considerable  area  in  the  neighborhood  of 
Browns  Peak,  just  south  of  Windy  Gap.  Two  specimens  of  this  rock 
taken  at  different  places  proved  to  be  in  one  case  pyroxene-aleutite, 
and  in  the  other  bronzite-olivine-aleutite.^  Analysis  shows  them  to 
be  rather  siliceous  for  the  species. 


oSee  p.  191. 

6Am.  Geol.,  Vol.  XVH,  18B6,  p.  72. 

cSee  J.  £.  Spnrr,  Am.  Oeol.,  Vol.  XXV,  p.  2B.    Aleatite  is  transitioiial  between  andeeite  and 
basalt. 
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Mr.  II.  W.  Fairbanks  states'*  that  on  the  northern  slopes  of  the 
Panamint  Range,  overlooking  Mesquite  Valley,  there  are  scattered 
sheets  of  andesite  and  basalt. 

Yet  another  series  of  volcanics  is  exposed  in  this  region.  It  is  that 
forming  the  greater  part  of  the  Slate  Range,  which  lies  immediat-ely 
west  of  the  southern  end  of  the  Panamint  Range.  The  same  rocks 
occur  in  the  region  south  of  Browns  Peak,  in  the  Panamint  Range, 
underlying  the  aleutites.  These  older  volcAnics  are  comparatively 
light  colored  and  weather  reddish ;  they  are,  moreover,  considerably 
sheared.  Thin  sections  fail  to  exactly  determine  their  nature,  except 
that  they  are  really  lavas  with  glassy  groundmass,  and  that  they  are 
largely  feldspathic.  From  the  shearing  it  is  prolmble  that  these  lavas 
are  older  than  those  in  the  folded  Tertiary  series. 

Mr.  Fairbanks*  found  forming  the  highest  portion  of  the  Panamint 
Range  for  a  number  of  miles  east  of  Panamint  a  body  of  ancient 
rhyolite,. which  he  regards  as  one  of  the  most  ancient  lavas  observed 
in  the  region. 

According  t^  Mr.  F.  B.  Weeks,  of  the  United  States  Geological  Sur- 
vey, who  has  visited  the  northern  end  of  the  Panamint  Range,  the 
Paleozoic  rocks  ai-e  here  covered  by  extensive  flows  of  lava,  which 
appear  to  l>e  nearly  continuous  with  the  lava  area  at  the  extreme 
southwestern  end  of  the  Silver  Peak  Range. 

STRUCTURE. 

That  portion  of  the  Panamint  Range  between  a  point  opposite  Fur- 
nace Creek  and  Windy  (iap  api>eared  to  the  writer,  studying  it  through 
field  glasses,  to  bo,  in  general,  anticlinal.  From  Cottonwood  Canyon 
northwanl  to  Shaw  Peak,  accoixiing  t^  Mr.  F.  B.  Weeks,^  the  Pale- 
ozoic strata  dip  in  general  north  of  west. 

The  Paleozoic  and  Tertiary  strata  on  the  east  side  of  the  range, 
south  of  Emigrant  Canyon,  are  apparently  conformable  and  have  the 
same  folds.  There  is  here  a  series  of  alternating  anticlines  and  syn- 
clines,  having  trends  due  north  and  south.  Each  of  these  folds  may 
be  tracked  continuously  for  a  number  of  miles.  The  axes  of  the  folds, 
as  sketched  on  the  map,  form  a  series  of  straight  lines  of  moderate 
length,  the  more  southern  of  which  are  continually  offset  to  the  east 
from  the  more  northern  ones.  The  explanation  of  this  phenomenon 
may  l)e  a  series  of  east- west  faults,  which  fault  the  folds  system- 
atically to  the  east  on  the  south  side. 

Just  north  of  the  eastern  part  of  the  road  which  runs  from  Furnace 
Creek  to  Windy  Gap,  where  this  road  enters  the  Panamint  Range, 
the  strike  of  the  folds  changes  from  north  and  south  to  northwest  and 
southeast,  and  so  continues  to  the  extreme  termination  of  the  range, 
in  the  neighborhood  of  Owlshead  Peak.  In  all  this  extreme  southern 
portion  there  are  no  Paleozoics,  but  the  Tertiary  interbedded  sedi- 


n Letter  to  the  writer.         t>  Am.  Ge<jl..  Vol.  XVII,  1896,  p.  7:1  '•Oral  commanication. 
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ments  and  lavas  show  the  same  system  of  folding  as  in  the  Paleozoics, 
although  somewhat  less  pronounced. 

The  Pinto  Mountains,  a  spur  of  the  Panamint  Range,  lying  north- 
east of  the  Wild  Rose  mining  district,  are  stated  by  Mr.  Fairbanks^ 
to  have  an  apparent  monoclinal  structure,  exposing  an  enormous 
thickness  of  strata  whose  truncated  edges  face  Panamint  Valley. 

In  the  Panamint  Range  much  of  the  deformation  must  be  of  com- 
paratively recent  date.  We  know  that  much  of  it  occurred  since  the 
deposition  of  the  Tertiary  beds  and  associated  lavas,  since  these  are 
involved  with  the  Paleozoics  in  the  upturning. 

ORE   DEPOSITS. 

The  following  brief  note  on  the  ores  of  the  Panamint  Range  is 
gleaned  from  the  reports  of  Mr.  H.  W.  Fairbanks.*  Near  Postofl&ce 
Springs  gold  is  found  in  quartz  veins  inclosed  in  limestone,  which  is 
folded  to  a  syncline,  with  slates  below  and  on  lK)th  sides.  The  ore  is 
high  grade.  In  the  neighborhood  of  the  old  town  of  Panamint  are 
found  silver-bearing  sulphides  of  copper,  antimony,  and  arsenic, 
stromeyerite  and  tetrahedrite  being  the  most  common  minerals.  The 
gangue  of  the  veins  is  quartz,  and  the  veins  are  found  in  all  the  sed- 
imentary formations  of  the  district.  North  of  here,  in  the  Wild  Rose 
district,  a  similar  class  of  ores  is  found.     Galena  is  seldom  observed. 

LEACH  POINT  AND  BURNT  ROCK  MOUNTAINS. 

The  roughly  defined  east-west  chain  of  low,  irregular  mountains 
which  stretches  eastward  frpm  the  southern  end  of  the  Sierra  Nevada 
at  El  Paso  Peak  to  Pilot  Knob  is  continued  farther  east  in  other  low, 
irregular  mountains,  which  just  east  of  Pilot  Knob  have  been  called 
the  Burnt  Rock  Mountains,  and  still  farther,  in  the  same  direction,  the 
Leach  Point  Mountains.  On  the  north  of  these  mountains  the  narrow 
Leach  Point  Valley  separates  them  from  the  southern  end  of  the  Pan- 
amint Range.     On  the  south  lies  the  Mojave  Desert. 

SEDIMENTARY   ROCKS. 
LIMESTONE. 

About  8  miles  northeiist  of  Pilot  Knob  there  occurs,  along  the 
main  traveled  road,  an  outlying  spur  from  the  low  mountains,  which 
is  composed  of  very  sandy  blue  limestone,  amounting  almost  to  a 
gray  quartzite.  This  is  interbedded  with  shaly  and  cherty  thin- 
bedded  limestones.  This  rock  strikes  N.  60°  E.  and  dips  E.  65°. 
It  is  slightly  altered  and  sheared,  and  no  fossils  were  found.  It  forms 
only  a  small  patch,  and  is  overlain  by  basalt. 

aAm.  Geol.,  Vol.  XVH,  1896,  p.  66. 

b  Mineral  deposits  of  eastern  California:  Am.  Geol.,  Vol.  XVII,  1886,  pp.  144, 151. 
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EOCENE. 

The  bulk  of  the  luountHiun  lying  east  of  Pilot  Knob  are  flat  topped 
and  slightly  pinnacled.  They  consist  of  light-colored  stratified  beds, 
with  intercalated  sheets  of  lava,  the  whole,  in  general,  capped  by 
black  sheets  of  basalt.  Mr.  Gilbert «  has  also  noted  these  deposits  in 
this  range.  They  are  probably  the  8am«  as  those  exposed  in  the 
El  Paso  Mountains,  where  they  contain  Eocene  fossils,  and  they  are 
also  the  same  as  those  which  make  up  the  Funeral  Range  and  thus  are 
widely  distributed  throughout  this  region. 

IGNEOUS  ROCKS. 
ORANITE. 

Along  the  western  edge  of  these  mountains  granite  is  seen  to  be 
the  basal  rock.  A  specimen  collected  a  few  miles  north  of  Pilot 
Knob  appears  to  be  a  typical  biotite-granite.  The  relation  of  this 
rock  to  the  limestone  above  described  is  not  known,  but  it  is  very 
likely  intrusive  in  it,  if  we  may  judge  from  the  similar  occurrences 
in  the  Panamint  and  El  Paso  ranges  and  in  other  neighboring  ranges. 

VOLCANIC   ROCKS. 

Some  miles  north  of  Pilot  Knob  typical  tordrillite*  was  collected, 
apparently  derived  from  one  of  the  sheets  intercalated  in  the  lake  beds. 

Sheets  of  black  basalt  overlie  the  lake  beds  and  constitute  the 
latest  volcanic  rock  of  the  region. 

STRUCTURE. 

The  Tertiary  beds  and  intercalated  lava  sheets  seem  to  be,  in  gen- 
eral, nearly  horizontal,  but  in  one  place  at  least — about  4  miles  north- 
east of  Pilot  Knob — an  anticlinal  fold  was  observed,  having  a  nearly 
north-south  trend,  with  dips  of  from  10°  to  20°  on  the  limbs. 

WHITE  MOUNTAIN  RANQE. 

The  important  mountain  range  immediately  east  of  the  Sierra  has 
gone  by  the  name  of  the  White  Mountains  in  its  northern  i)ortion  and 
the  Inyo  Range  in  it«  southern.  Inasmuch  as  the  two  so-called  ranges 
are  not  in  any  way  disconnected,  but  form  a  complete  whole,  they  will 
be  here,  for  the  sake  of  convenience,  described  together  under  the  head 
of  the  White  Mountain  Range,  as  suggested  by  Mr.  Walcott.*^  The 
range  extends  in  a  northwesterly  and  southeasterly  direction,  from 
the  Candelaria  Mountains  on  the  north  to  the  neighborhood  of 
Owens  Lake  on  the  south,  passing  at  both  ends  into  lower,  irregular 
mountains  of  lava.    No  part  of  the  range  has  been  visited  by  the  writer, 

aU.  S.  Geog.  Surv.  W.  One  Hundredth  Mer.,  Vol.  Ill,  p.  125. 

f>  Differing  from  rhyolite  in  the  lack  of  essential  f orromafirnesian  constitaenta.    See  J.  E.  Spnrr: 
Am.  Geol.,  Vol.  XXV,  1900,  p.  230. 

c  Am.  Jour.  Sci.,  3d  series,  Vol.  XUX,  p.  189. 
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and  the  following  notes  are  entirely  a  compilation  of  observations, 
although  now  for  the  first  time  brought  together.  The  observers 
include  Messrs.  Gilbert,  Walcott,  Turner,  and  Weeks,  of  the  United 
States  Geological  Survey,  and  Goodyear,  Gabb,  and  other  geologists 
of  the  geological  survey  of  California. 

TOPOGRAPHY. 

As  a  rule  the  topography  of  the  White  Mountains  is  characterized 
by  great  relief,  with  deep  canyons  and  high  peaks.  On  the  eastern 
side  of  the  range  there  is  an  abrupt  scarp  for  many  miles,  while  the 
western  slope,  although  generally  steep,  is  on  the  average  considerably 
gentler  than  the  eastern.  White  Mountain  Peak,  which  is  at  the 
northern  end  of  the  range,  is  of  granite,  and  is  a  conspicuous  land- 
mark for  many  miles.  It  stands  exactly  on  the  boundary  between 
Nevada  and  California. 

SEDIMENTARY  ROCKS. 
CAMBRIAN. 

Near  the  central  portion  of  the  range,  or  at  the  southern  end  of 

the  White  Mountains  proper,  Mr.  Gilbert^  early  ol>8erved  a  series  of 

quartzites  and  schists  with  a  little  limestone.     The  age  of  this  series 

lie  did  not  determine.     Later  Mr.  Walcott  investigated  it  and  found 

it  to  be  Lower  Cambrian.     Mr.  Walcott 's  chief  •  studies  were  on  the 

western  side  of  the  range.     In  several  canyons  to  the  east  of  Big  Pine, 

namely,  Waucobi,  Black,  and  Silver  canyons,  Mr.  Walcott*  found  the 

following  section : 

Section  east  of  Big  Pine. 

Feet. 

4.  Upper  arenaceons  beds 200 

8.  Alternating  limestones  and  shales t ,  000 

2.  Siliceons  slates  and  quartzites 2, 000 

1.  Siliceons  limestones _  1, 700 

Total - 4,900 

No  fossils  were  found  in  the  lower  limestone,  but  in  the  lower  silice- 
ous series  are  annelid  trails  and  in  places  the  heads  of  OleneUuSy 
while  in  the  upper  limestone  are  great  quantities  of  Cambrian  corals, 
of  the  same  types  as  occur  in  the  Silver  Peak  Range  to  the  east. 
Mr.  Walcott  notes  that  this  is  the  oldest  Cambrian  fauna  known  in 
the  western  portion  of  the  United  States. 

Northward  from  this  locality  Mr.  Walcott  found  Cambrian  rocks 
along  the  western  face  of  the  range,  nearly  to  its  northern  end. 

On  the  eastern  side  of  the  range  he  found  many  of  the  low  moun- 
tains lying  northeast  of  Salinas  Valley*'  to  be  Cambrian,  and  also  a 

aU.  S.  G^eog.  Surv.  W.  One  Hcmdredth  Mer.,  Vol.  UI,  p.  189. 
6Am.  Jonr.  8cl.,8daerie8,  Vol.  XLIX,  1805,  pp.  141-144. 
'^ Pergonal  commuDicatioD  to  the  writer. 


Digitized  by 


Google 


208         GEOLOGY    OF   NEVADA  SOUTH    OF   40TH    PARALLEL.    [BULua*. 

great  part  of  the  main  White  Mountain  Range  bordering  the  same 
valley  on  the  west.  At  the  latter  locality  Cambrian  rocks  are  cat  by 
great  masses  of  intrusive  granite.  At  the  northern  end  of  the  range 
Cambrian  rocks  occur  in  considerable  quantities  on  the  eastern  side, 
alternating  with  areas  of  granite  which  are  intrusive  into  them." 

The  roi'ks  have  here  suflfere<l  considerable  contact  metamorphism 
by  the  granite,  the  limestones  being  sometimes  changed  to  dolomitic 
marbles. 

SILURIAN. 

Mr.  Walcott*  discoveretl  a  pati*]i  of  i*ocks  l)earing  Silurian  (Trenton) 
fossils  on  the  eastern  side  of  the  range,  southeast  from  Big  Pine^  along 
the  road  leading  from  Waucobi  Canyon. 

Mr.  F.  B.  Weeks*  found  in  1900,  near  the  head  of  Mazurka  Canyon, 
rolled  remains  of  crinoids  and  fragments  of  bryozoa  which  indicate 
that  the  rocks  at  this  place  are  not  older  than  Middle  Ordovician, 
and  may  l)e  somewhat  younger. 

At  the  southern  end  of  the  range,  in  the  vicinity  of  Ceri-o  Gordo, 
Dr.  O.  Loew*^  reports  that  the  rocks  are  largely  Silurian  limestones 
containing  great  numbei-s  of  fossils,  whose  genera  and  species,  how- 
ever, he  does  not  record.  These  rocks,  he  notes,  are  cut  into  by 
intrusive  masses  of  granitic  rocks. 

CARBONIFEROUS. 

Mr.  Walcott*'  records  that  Mr.  Fairbanks,  of  the  California  Mining 
Bureau,  di8(*()vered  the  characteristic  Coal  Measures  fossil,  Fn^iiUtm 
cylindrical  in  the  southern  end  of  the  range  east  of  Keeler. 

Also  at  the  southern  end  of  the  range,  just  below  the  summit  of 
Cerro  Grordo  Peak  the  following  Carboniferous  fossils  were  found  by 
Mr.  Weeks  in  19(H),  and  were  determined  by  Dr.  Girty: 

Rhipidomella?    sp. 
Amplexus  westi  ? 
Productus  fragments. 
Marginif  era  splendens  ? 

TRIASSIC. 

Just  east  of  Camp  IndependentH?  Dr.  Horn,  of  the  California  geo- 
logical survey,  discovered  a  fossil  in  a  series  of  slates  with  intercalated 
limestone  beds,  which  w^as  considei'ed  by  Mr.  Gabb**  to  be  Triassic. 

According  to  Professor  Whitney,  these  same  slates  extend  north- 
ward from  Bend  City  (just  east  of  Camp  Independence)  for  25  miles. 
Y(»t  this  general  region  is  delineated  on  the  map  accompanying  this 


f«  Personal  communication  to  the  writer  by  Mr.  Turner  and  Mr.  Weeks, 

'>Pcr«)nal  communication  to  the  writer. 

«^  Ann.  Kept.  U.  S.  Geol.  Surv.  W.  One  Hundredth  Mer.,  1876,  p.  68. 

rf  Am.  Jour.  Sci.,  3d  series,  Vol.  XLIX,  1895,  p.  144. 

t-Geol.  Survey  California,  Vol.  1, 1865,  p.  45Q. 
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bulletin  as  granite,  following  the  preliminary  geological  maps  of  the 
State  of  California,  published  in  1891  by  the  State  Mining  Bureau. 

South  of  the  locality  above  mentioned,  near  the  crest  of  the  range, 
halfway  between  Independence  and  Owens  Lake,  Mr.  Walcott«  found 
a  single  block  crmtaining  Triassic  fossils^ 

Mr.  Turner''  traced  the  Triassic  rocks  as  a  continuous  belt  between 
the  two  localities  above  mentioned  and  also  some  distance  farther 
south  along  the  western  flanks  of  the  range.  Mr.  Turner  states  that 
the  rocks  consist  essentially  of  Triassic  lavas  with  interbedded  tuffs. 
The  same  rocks  occur  on  the  western  side  of  Owens  Valley,  northwest 
of  Owens  Lake,  on  the  flanks  of  the  Sierras,  and  here  also  are  of  the 
same  character. 

From  the  lithology  of  the  Triassic  rocks  above  mentioned  a  proba- 
ble correlation  is  established  with  the  Koipato  group  of  the  fortieth 
parallel  Triassic,  as  defined  by  King. 

PLIOCENE. 

Just  east  of  Big  Pine  Mr.  Walcott*  has  described  a  considerable 
area  covered  by  consolidated  stratified  deposits,  which  he  regards  as 
lake  l)eds.  The  strata  consist  of  fine  calcareous,  arenaceous,  and 
argillaceous  sands  with  layers  of  fine  conglomerate,  the  whole  being 
covered  by  angular  debris  washed  down  from  the  mountain  since  the 
deposition  of  the  stratified  material.  The  deposits  are  coarser  near 
the  mountains  and  finer  as  the  distance  increases.  Some  of  the  white 
beds  are  made  up  almost  entirely  of  fresh-water  shells,  concerning 
which  Dr.  Dall  says:  "Any  of  them  may  be  recent  or  Pliocene.  My 
impression  from  the  mass  is  that  they  are  Pleistocene."  Mr.  Walcx)tt<' 
found  these  beds  reaching  from  the  bottom  of  the  valley  up  to  a  height 
of  3,000  feet  above  the  valley,  or  to  an  actual  height  above  sea  level 
of  about  7,000  feet.  As  an  explanation  for  the  great  height  at  which 
these  deposits  are  found,  Mr.  Walcott  mentions  two  main  hypoth- 
eses— first,  that  a  lake  3,000  feet  deep  existed  over  the  site  of  the 
present  Owens  Lake,  and,  second,  that  the  Inyo  or  White  Mountain 
Range  has  been  elevated  since  the  deposition  of  the  lake  beds,  carry- 
ing up  these  beds  with  it.  He  inclines  to  the  view  that  the  latter  is 
the  correct  hypothesis,  on  account  of  the  steep  easterly  scarp  of  the 
range,  which  might  be  taken  as  a  fault  scarp,  and  from  other  consid- 
erations. 

The  character  of  these  beds,  as  described  by  Mr.  Walcott,  and  their 
nearly  horizontal  attitude  are  identical  with  those  of  deposits  of  the 
late  Pliocene  lake  which  has  already  been  described  by  the  writer  as 
observed  by  him  in  numerous  localities  in  Nevada,  but  chiefly  in  the 
region  between  Lake  Mono  and  Carson.  All  these  beds  he  has  con- 
sidered as  the  deposits  of  a  late  Pliocene  lake— the  Lake  Shoshone  of 

a  Personal  communication  to  the  writer.       fr  Jour.  Geol.,  Vol.  V,  p.  840.       <?IbidM  p.  8i6. 

Bull.  208—03 14 
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Kinj^/'  In  the  ro^ioii  just  north  of  Lake  Mono  he  found  the  highest 
deposits  of  this  lake  at  an  altitude  of  7,1(K)  feet,  and  eanie  to  the  con- 
clusion tliat  the  uppermost  dei>osits  of  tlie  ancient  Lake  Mono  formed 
part  of  th(*  d(»po8its  of  the  same  great  water  body.  When  the  great 
lake  sto<Kl  at  this  altitude  it  must  have  been  connected  by  numerous 
straits  with  the  valley  of  the  present  Owens  River,  which  formed  an 
arm  of  the  same  lake.  The  upi)ermost  limit  of  the  lake  beds  not-e<l  bj' 
Mr.  \VaU»ott  coincides  almost  exactly  with  the  uppermost  limit  in  the 
vicinity  of  Lake  Mono  and  to  the  north  of  it.  It  is  therefoiv  likely 
that  the  deimsits  on  the  slopes  of  the  White  Mountain  liangi?  are  to 
be  correlated  with  th(»se  other  deposits.  The  age  indicatinl  by  the 
fossils  found  by  Mr.  Walcott  also  coincides  with  the  other  determina- 
tions made  in  other  loca-lities,  all  combining  to  indicate  a  period 
betwtH'n  late  Pliocene  and  early  Pleistocene. 

If  this  is  the  case,  no  lo(?al  elevation  of  the  White  Mountains  can  l)e 
inferred  from  the  position  of  the  lake  beds  at  the  comparatively  great 
altitude  where  they  are  found,  since  the  altitude  is  similar  over  the 
whole  region.  As  was  inferred  by  the  writer  with  I'eference  to  the 
region  around  Lak(»  Mono,  there  appears  to  have  l>een  a  general  uplift 
of  mountain  and  valley  throughout  this  whole  region,  lifting  the 
deposits  of  the  Pliocene  lake  al)out  1,(KK)  feet  higher  than  farther 
north. 

Soutli  of  Owens  Lake  Mr.  Turner  found  *  well-stratified  sands, 
gravels,  and  tuflfs,  occupying  a  large  portion  of  the  valley  Ix^neath 
the  overlying  Pleistocene  accumulations,  and  having  a  slight  dip  west- 
ward. These  may  belong  to  the  same  series  as  above  described.  The 
same  beds  are  mentioned  by  Mr.  Fairbanks,*^  who  notes  that  at  Owens 
Lak(*  they  reach  an  elevation  of  at  least  1,500  feet  above  the  lake 
surface.     Mr.  Fairbanks  regards  these  beds  as  formed  underwater.*' 

IGNEOUS  ROCKS. 
GRANITIC   ROCKS. 

Mr.  OillH^rt*^  noted  that  the  eastern  ridge  of  the  White  Mountains, 
east  of  Deep  Springs  Valley,  is  composed  of  granite.  The  mapof  the 
California  Slate  Mining  Bureau/  shows  a  number  of  other  granite 
areas.  On  this  map  the  whole*  northern  end  of  the  range  in  the  vicin- 
ity of  WhiUi  Mountain  Peak  is  shown  to  l)e  of  granite,  and  also  most 
of  the  range  from  Loehr  Peak  sou  (h ward  to  Deep  Springs  Valley. 
Farther  south,  a  considerable  area  of  granitic  rocks  is  shown  south  of 


aSoepp.  117,110,  ka. 

^  PtTsonal  coinmiinicatioii. 

^-Am.  Geol.,  Vol.  XVII,  p.  m. 

rfMr.  M.  R.  Camplieira  later  notCH  on  theHe  ffravels  (Bnll.  U.  S.  Geol.  Survey  No.  800,  p.  20)  show 
that  they  aro  jrt*ntly  folded  lako  sediments  containing  mnch  volcanic  tuff.  They  are  very  likely 
pre-Pli«M'eno  (Ecx'eno  or  Miocene),  like  the  lake  beds  in  Funeral  Range. 

^•U.  S.  Ci(V)K.  Surv.  W.  One  Hundredth  Mer.,  Vol.  Ill,  p.  31.5. 

/Preliminary  mineralc^cal  and  geological  map  of  the  State  of  California,  1891. 
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Waucobi  Peak,^  while  a  small  area  is  sliowA  southwest  of  Salinas  Val- 
ley, also  in  the  center  of  the  range.  In  the  low  mountains  lying 
northeast  of  Salinas  Valley  two  considerable  areas  are  shown. 

From  personal  communications  of  Messrs.  Walcott,  Turner,  and 
Weeks,  further  information  on  the  extent  of  the  granite  has  Ijeen 
obtained.  The  two  northern  granite  areas  represented  as  separate 
on  the  above-cited  map  appear  to  be  continuous  between  Loehr  Peak 
and  White  Mountain  Peak.  On  the  eastern  side  of  the  northern  end  of 
the  range  a  great  deal  of  granitic  rock  is  found,  cutting  the  Cambrian 
sediments.  Farther  south,  the  granite  area  south  of  Waucobi  Peak 
extends  southeastward  in  a  continuous  belt  to  the  area  southwest  of 
Salinas  Valley,  and  the  Cambrian  beds  west  of  Salinas  Valley  are  cut 
through  by  masses  of  the  same  rock. 

VOLCANIC  ROCKS. 

As  noted  above,  many  of  the  Tri^issic  rocks  are  lavas.  There  are, 
moreover,  some  areas  of  Tertiary  and  Pleistocene  lavas,  as  repre- 
sented on  the  map.  Mr.  Gilbert  *  noted  some  basalt  just  east  of  Big 
Pine.  The  map  of  the  California  Mining  Bureau,  above  mentioned, 
shows  an  area  of  volcanic  rocks  lying  on  the  west  flanks  of  the  range 
in  the  neighborhood  of  Waucobi  Peak,  and  connecting  westward 
across  Owens  Valley  with  a  larger  area  of  lava  on  tlie  eastern  slopes 
of  the  Sierra.  The  same  map  also  shows  volcanic  rocks  lying  on  the 
northern  slopes  of  the  granite  of  White  Mountain  Peak,  at  the  north- 
ern end  of  the  range,  and  shows  a  great  area  of  lava  lying  southe^wt 
of  Owens  Lake,  and  forming  the  southern  (md  of  the  range.  Mr. 
Turner  found  that  the  mountains  east  of  Sandy  Springs,  which  form 
a  kind  of  connection  between  the  northern  end  of  the  White  Mountain 
Range  and  the  Silver  Peak  Range,  are  mostly  volcanic. 

ORE   DEPOSITS. 

The  following  notes  are  taken  from  Mr.  II.  W.  Fairbanks's  writings.  ^ 
Silver-lead  ores,  chiefly  in  limestone,  are  found  about  Cerro  Gordo 
and  southeast  of  Independence. 

Auriferous  quartz  veins  are  abundant.  They  are  found  north  of 
Cerro  Gordo,  in  the  Beveridge  district,  in  the  Alhambra  Hills,  5  miles 
north  of  Lone  Pine,  between  Independence  and  Big  Pine,  and  east 
and  northeast  of  Bishop  Creek.  Tlie  veins  are  chiefly  in  or  near 
granite,  often  at  or  near  the  contact  of  it  with  slates  or  limestones. 
They  probably  have  a  genetic  connection  with  the  granitic  intrusion. 

« According  to  Professor  Whitney,  however  (Geological  Survey  of  California,  Geology,  Vol.  I, 
p.  i59),  the  western  face  of  the  i-ange,  south  of  Waucobi  Peak  to  Bend  City  (just  eoMt  of  Camp 
Independence),  is  composed  of  tilted  slates  and  other  stratified  rocks.  If  this  is  the  case,  these 
stratified  rocks  are  undoubtedly  continuous  with  the  Triassic  rocks  south  of  Camp  Inde- 
pendence. 

«>U.S.Geog.8urv.W. One  Hundredth  Mer.,Vol.  Ill,  p.  124. 

<?  Report  California  Min.  Bureau,  ISJM,  p.  475;  Am.  Geol.,  Vol.  XVII,  Np.S,  pp.  145, 146, 149,  150. 
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STRUCTURE. 

Mr.  Gilbert**  gives  a  cross  sei^.tion  of  the  range  east  of  Big  Pine, 
which  exhibits  several  adjacent  folds  of  moderate  dip,  broken  by  a 
number  of  faults.  According  to  Mr.  Gilbert's  section  the  faults  are 
not  directly  expressed  in  the  topography. 

Later  Mr.  Walcott*  described  several  sections  of  the  White  Moun- 
tain Range,  in  the  same  general  region  as  that  in  which  Mr.  Gilbert's 
section  was  made.  Mr.  Walcott  also  finds  the  range  made  up  of  a 
number  of  adjacent  folds  broken  by  faults,  and  finds  the  chief  fold  to 
be  a  closely  compressed  syncline  overthrown  to  the  east,  thus  present- 
ing a  type  of  structure  common  in  the  Appalachians. 

DARWIN  OR  ARGUS  RANGE. 

This  range  is  low  and  of  no  great  importance.  It  lies  between  the 
Panamint  Range  and  the  Coso  Mountains  and  is  south-southeast  of  the 
White  Mountain  Range.  The  range  is  about  70  miles  in  length  and 
very  narrow.     Through  its  northern  portion  Darwin  Canyon  runs. 

SEDIMENTARY   ROCKS. 

Mr.  H.  W.  Fairbanks'^  notes  that  the  eastern  face  of  the  Argus 
Range,  from  Darwin  to  Modoc,  is  made  up  largely  of  limestone,  which 
sometimes  forms  the  crest  of  the  range  and  is  present  in  great  thick- 
ness.    Besides  the  limestone  there  is  also  calciferous  quartzite. 

The  age  of  this  Paleozoic  series  is  not  known,  but  it  is  provisionally 
mapped  as  Cambrian,  in  view  of  the  probable  age  of  the  rocks  of  the 
Panamint  Range  to  the  east.*' 

IGNEOUS   ROCKS. 
GRANITE. 

According  to  Mr.  Fairbanks,'  granite  occupies  a  considerable  por- 
tion of  the  Argus  Range,  forming  part  of  a  continuous  body  which 
stretches  from  the  Mojave  Desert  to  the  Sierra  Nevada.  In  general, 
it  is  a  granular,  light-colored,  biotite-homblende  rock. 

VOLCANIC  ROCKS. 

From  Darwin  Canyon  north  to  the  36°  30'  parallel  the  mountains 
are  described  as  black  lava  hills  on  the  topographic  map  of  the 
Wheeler  Survey  (65-D).  This  same  portion  of  the  range  is  also  rep- 
resented as  volcanic  on  the  preliminary  geologic  map  of  California, 

aV.  S.  Qeog.  Surv.  W.  One  Hnndredth  Mer  .  Vol.  Ill,  p.  34. 

6 Am.  Jour.  Sci.,  8d  series.  Vol.  XLIX,  1805,  p.  169 

«?Ain.  Geol.,  Vol.  XVII,  1896,  pp.  65, 149. 

(^Since  writing;  the  aboTe  Mr.  F.  B  Weeks  has  informed  the  writer  that  in  1900  he  found  in 
Shepherd  Canyon  heavy  exposures  of  quartzite  overlain  by  limestone,  which  he  bad  no  hesita- 
tion m  referring  on  stratigraphic  grounds  to  the  Cambrian. 

•  Op.cit.,  p.  72. 
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issued  by  the  California  mining  bureau  in  1891.  On  this  map  the 
lava  is  represented  as  extending  southward  along  the  range  to  a  point 
beyond  Malurango  Peak. 

Mr.  H.  W.  Fairbanks^  reports  numerous  flows  of  andesite  and 
basalt  through  the  Argus  Range,  forming  inclined  plateaus  on  the 
mountain  slopes.  One  of  these  basalt  flows  is  exposed  in  Argus 
Gulch,  and  beneath  it  is  an  ancient  river  channel  fllled  with  clay  and 
gravel. 

The  southern  portion  of  the  range  has  a  volcanic  appearance,  as 
seen  by  the  writ-er  from  a  point  farther  south. 

ORE    DEPOSITS. 

Mr.  Fairbanks*  states  that  a  large  number  of  gold-bearing  quartz 
veins  are  scattered  through  the  southern  portion  of  the  Argus  Range. 
There  is  also,  in  the  neighborhood  of  Darwin  and  Modoc,  considerable 
galena,  rich  in  silver,  in  chambers  in  the  limestone. 

SLATE  RANGE. 

The  Slate  Range  lies  in  Panamint  Valley,  between  the  southern  end 
of  the  Panamint  and  that  of  the  Darwin  or  Argus  ranges.  It  has  an 
extent  of  only  about  12  miles,  and  is  comparatively  low  and  narrow. 
The  range  derives  its  name  from  the  fact  that  its  rocks  have  been 
sheared  so  as  to  assume  a  slaty  structure. 

SEDIMENTARY   ROCKS. 
PALEOZOIC. 

Mr.  H.  W.  Fairbanks  states  that  metamorphic  strata  appear  promi- 
nently in  the  Slate  Range. 

TERTIARY. 

At  the  extreme  southern  end  of  the  range  schistose  volcanies  are 
overlain  by  cream-colored  Tertiary  sediments,  capped  by  later  basaltic 
lava.  These  Tertiary  sediments  are  probably  the  same  as  those 
exposed  in  the  Panamint  Range  just  east  of  here,  and  also  in  the 
Funeral  Mountains. 

IGNEOUS   ROCKS. 
VOLCANIC  ROCKS. 

So  far  as  could  be  observed,  the  range  near  Windy  Gap  and  from 
here  southward  to  the  extreme  end  consists  of  uniform  rocks.  As 
examined  under  the  microscope,  these  rocks  seem  to  be  sheared 
feldspathic  lava,  much  altered.  The  exact  nature  of  the  lava  could 
not  be  determined,  but  it  ex)nsists  chiefly  of  a  glassy  groundmass,  with 
phenocrysts  of  feldspar.  One  specimen  studied  was  so  sheared  as  to 
be  comminuted  into  bits. 


a  Am.  Qeol.,  Vol.  XVII,  189ft,  p.  T8.  Mbid.,  i>p.  146, 149. 
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The  ajre  of  the  sc»histos(>  voleanics  is  not  known,  except  that  they 
are  older  than  the  basalt  and  probably  older  also  than  the  Tertiary 
sediments.  Their  shearing  suggests  a  considerable  age  and  also  sug- 
gests that  they  may  be  eonnecte<l  with  the  granites  of  the  Panamint 
Range,  or  with  the  ancient  rhyolit^  of  that  range  east  of  Panamint,^ 
which  rhyolite  has  a  probable  connection  with  that  in  the  vicinity  of 
Johannesburg. 

At  the  northern  end  of  the  range  the  slaty  rocks  appear  to  be  in 
part  overlain  by  later  volcanic  flows,  as  seen  from  the  south  end. 
There  are  probably  basalts  similar  to  those  at  the  south  end  of  the 
range. 

COSO  RANGE. 

KJNEOrS   ROCKS. 
ORANITK. 

The  central  portion  of  the  Coso  Mountains  is  made  up  of  granite 
and  gneissoidal  rocks.*  The  rock  in  this  range  is  report<*d  by  Mr. 
II.  W.  Fairlmnks^  to  be  a  coarse,  easily  decomposed  granite,  and  the 
same  writer  states  that  granite  makes  up  most  of  the  rest  of  the  range.*' 
This  granite  is  continuous  with  the  granite  of  the  Sierra  Nevmla. 

VOLCANIC  ROCKS. 

Mr.  Gilbert '^  notes  that  the  western  bjise  of  Coso  Range,  south  of 
Owens  Lake,  appears  to  be  entirely  eruptive.  Mr.  Fairbanks^  has 
noted  volcaui<*  rocks  belonging  to  two  distinct  periods  of  eruption  in 
the  west^^rn  part  of  the  range.  To  the  older  ^ocks  belong  rhyolites 
and  andesitcs,  while  the  younger  consist  of  extensive  flows  of  basalt 
(so  recent  in  origin  that  their  surfaces  have  l>een  but  slightly  modified 
by  erosi(m),  reaching  southward  in  \(n\^  arms  into  Salt  Wells  Valley. 

EL  PASO  RANGE. 

The  El  Paso  Range  is  a  rugged,  irregular  bunch  of  mountains  con- 
stituting an  outlier  of  the  southern  Sierra  Nevada,  south  of  the  Coso 
Range.  The  general  trend  of  its  ridges  is  east  and  west.  It  is 
lx)und<Ml  on  the  north  by  vSalt  Wells  Valley  and  on  the  south  by  the 
Mohave  l)(\sert. 

SKDIMENTAKY    ROCKS. 

According  to  Mr.  II.  W.  Fairbanks,^-'  the  stratified  rocks  of  a  met^- 
morphic  series  (probably  Paleozoic)  form  a  part  of  the  El  Paso  Range 
and  are  cut  by  the  granite. 

"Seop.  3114. 

/'Qeol.  Surv.  California.  Vol.  I,  p.  474. 

*•  Report  California  Min.  Bureau.  1H94,  p  474. 

'I  Am.  OeoL,  Vol.  XVII,  iHiMi,  p   14.5. 

«^U.  S.  Geog.  Surv.  W.  One  Hundredth  Mer.,  Vol.  Ill,  p.  124. 

/Am.  Geol.,  Vol.  XVII,  189tt,  p.  73. 

(7n»id.,  p.  65. 


Digitized  by 


Google 


8PURR.]  EL   PASO   RANGE.  215 

EARLY  TE»TIARIES. 

Mr.  Gilbert^  has  described  a  series  of  semiconsolidated  beds  in 
Redrock  Canyon,  in  the  southern  part  of  the  El  Paso  Mountains. 
These  beds  dip  westward  at  angles  ranging  from  15°  to  30°  and  con- 
sist of  semiconsolidated  sand,  gravel,  and  volcanic  tuffs  interbe<Wed 
with  basalts  and  rhyolites.  The  gravels  contain  pebbles  of  quartz 
and  various  volcanic  rocks. 

Mr.  II.  W.  Fairbanks*  describes  the  same  series  on  the  northern 
slope  of  the  El  Paso  Range,  where  it  also  consists  of  clays,  sandstone, 
volcanic  tuffs,  and  interbedded  lava  sheets.  The  whole  thickness  is 
estimated  to  be  1,000  feet  or  more,  and  the  series  extends  over  a  con- 
siderable area  between  the  El  Paso  Range  and  the  Sierra  Nevada. 
Between  clay  strata,  apparently  below  the  tuffs,  southeast  of  Black 
Mountain,  a  seam  of  coal  14  inches  thick  ocdurs  in  this  series.  In  the 
clay  above  the  coal  leaf  impressions  were  found,  which  Dr.  F.  II. 
Knowlton  considered  as  probably  belonging  to  the  Eocene.  Mr.  Fair- 
banks notes  that  andesite  appears  as  flows  between  the  beds  as  well 
as  in  dikes  cutting  them  and  as  sheets  capping  them. 

The  series  of  semiconsolidated,  tilted  tuffs,  sands,  gravels,  and  vol- 
canic sheets  is  evidently'  identical  with  that  which  constitutes  the 
Funeral  Range  and  the  southern  end  of  the  Panamint  Range,  as 
described.  As  has  already  been  stated,  these  latter  beds  are  believed 
to  be  the  same  as  those  still  farther  north,  in  the  neighborhood  of 
Silver  I*eak. 

IGNEOUS    ROCKS. 
GRANITE. 

Mr.  Gilbert**  notes  that  the  El  Paso  Mountains  have  a  core  of 
granite.     The  same  is  noted  by  Mr.  Fairbanks/' 

VOLCANIC  ROCKS. 

Mr.  Fairbanks'*  notes  that  quartz-porphyries  appear  for  several 
miles  along  the  El  Paso  Range.  The  writer  found  that  near  Johan- 
nesburg and  Randsburg,  which  lie  among  low  hills  just  east  of  El 
Paso  Range,  the  principal  rock  is  an  ancient  sheared  rhyolite.  To 
one  looking  from  this  point  westward  this  same  rhyolite  appears  to 
form  a  considerable  portion  of  the  eastern  end  of  this  range  also.  It 
is  possible  that  this  is  the  same  rock  that  Mr.  Fairbanks  describes  as 
quartz-poi-phyry.  It  is  the  most  ancient  volcanic  rock  found  in  the 
region,  and  is  probably  nearly  contemporaneous  with  the  sc^histose 
volcanics  described  at   the   southern   end   of  the  Slate  Range.     It 


aU.  S.  G^g.  Snrv.  W.  Onn  Hundredth  Mer.»  Vol.  HI,  p.  U2. 

<» Notes  on  the  Geology  of  Eastern  California:  Am.  Geol.,  Vol.  XVII,  IHIW,  p.  67. 

c-  Op.  cit.,  p.  124. 

dAm.  Geol.,  Vol.  XVII,  1H96.  pp.  «5,  152. 

e  Ibid.,  p.  152. 
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underlies  the  early  Tertiary  sediments.  Mr.  Gilbert**  notes  that  at 
the  eastern  end  of  the  El  Paso  Mountains  there  is  a  large  mountain 
of  acidic  lavas,  inclosing  and  nearly  concealing  a  core  of  granite. 

Mr.  Gilbert  also  notes  that  the  El  Paso  Mountains  are  flanked  to 
the  south  by  basaltic  and  trachytic  rocks.  Mr.  Fairbanks*  describes 
andesites  as  occurring  freely  in  this  range.  The  trachytes  described 
by  Mr.  Gilbert  are  probably  the  andesites  of  Mr.  Fairbanks,  since 
trachytes,  as  now  understood,  are  very  rare  in  this  region. 

STRUCTURE. 

Reasoning  from  the  tilt  ing  of  the  early  Tertiary  sediments,  Mr. 
Fairbanks  has  inferi'ed  three  distinct  movements  of  Black  Mountain 
in  the  El  Paso  Range.  As  the  result  of  these  movements,  the  Ter- 
tiary beds  have  been  elevated,  tilted,  and  extensively  eroded. 

ORE   DEPOSITS. 

According  to  Mr.  Fairbanks,^  the  granite  of  the  El  Paso  Range  has 
been  in  different  places  mineralized,  and  contains  a  small  amount  of 
gold. 

THE  HILLS  FROM  RANDSBURG  EAST  TO  PILOT  KNOB. 

Forming  a  sort  of  continuation  of  the  El  Paso  Range  to  the  east  is 
a  series  of  low,  detached,  rounded,  or  level-topped  buttes,  connected 
by  low  ridges  or  Pleistocene  detritnl  slopes,  or  entirely  separated  by 
an  undulating  detritus-covered  desert.  These  hills  have  a  general 
east- west  trend. 

SEDIMENTARY   ROOKS. 
ARKOSES. 

On  the  north  slopes  of  Malapai  Mountain,  about  4  or  5  miles  north- 
east of  Johannesburg,  the  hornbleude-pyroxene-aleutitre,  which 
makes  up  the  higher  portion  of  the  mountain,  is  underlain  by 
banded  or  bedded  rocks,  which  at  first  have  the  aspect  of  altered  vol- 
canics,  but  which,  when  examined  microscopically,  turn  out  to  be 
arkoses  of  different  degrees  of  coarseness.  Most  of  them  are  granitic, 
while  some  appear  to  be  in  part  derived  from  rhyolite.  These  arkoses 
probably  overlie  the  ancient  rhyolites.  They  are  firmly  consolidated, 
and  they  may  belong  to  the  series  of  Eocene  sediments  found  near 
here,  especially  in  the  El  Paso  Range  to  the  west,  and  on  the  east  in 
the  I^each  Point  Mountains. 

On  Pilot  Knob,  according  to  Mr.  Gilbert,^  are  exposed  about  2,000 
feet  of  volcanic  products,  probably  tuffs,  overlain  by  basaltic  lava. 
These  lie  upon  the  granite,  which  is  the  base  of  the  knob. 


«U.  S.  Gcog.  Surv.  W.  One  Hundredth  Mer.,  Vol.  UI,  p.  124. 
h  Am.  Geol.,  Vol.  XVH,  1896,  p.  tW. 
<-Ibid.,p.  152. 
dOp.  cit.,  p.  m. 

Digitized  by 


Google 


BPURR]  HILLS   EAST   OF   RANDSBURG.  217 

IGNEOUS  ROCKS. 

The  lower  portion  of  Pilot  Knob  is  of  siliceous  biotite-granite.  To 
the  south,  southeast,  and  west  this  same  body  of  granite  extends 
for  miles.  Many  of  the  numerous  small  hills,  which  emerge  from 
the  general  plateau  level  of  the  desert  area  of  granite,  are  often 
capped  by  patches  of  basic  lava  or  stratified  Tertiary  sediments. 

All  the  hills  in  the  vicinity  of  Randsburg  and  Johannesburg  con- 
sist of  ancient  sheared  rhyolites,  often  considerably  decomposed. 
When  fresh,  the  rock  appears  to  l)e  a  biotite-rhyolite,  but  as  often  as 
not  the  biotite  has  completely  disappeared  on  account  of  decomposi- 
tion, and  the  other  minerals,  notably  orthoclase,  have  also  become 
considerably  altered.  It  is  in  this  rock  that  the  gold-bearing  veins  of 
the  district  occur,  and  the  rhyolite  has  been  locally  altered  at  the  time 
of  the  introduction  of  the  ores  so  as  to  become  a  semijasperoid,  and 
sometimes  even  passes  into  vein  quartz  by  a  process  which  ajipears  to 
be  chiefly  replacement. 

This  ancient  sheared  rhyolit-e  resembles  the  sheared  volcanics  of 
the  southern  end  of  the  Slate  Range. 

The  greater  portion  of  Malapai  Mountain  is  made  up  of  a  consider- 
able thickness  of  lava,  which  overlies  the  rhyolite  and  underlies 
basalt.  Its  intermediate  age  is  also  at  once  evident  from  its  appear- 
ance. A  number  of  specimens  of  this  rock  have  been  studied  and 
show  it  to  be  probably  a  hornblende-pyroxene-biotite-aleutite.  This 
rock  has  no  apparent  banding,  and  has  a  great  variety  of  texture 
exposed  by  the  erosion  which  it  has  undergone. 

The  basaltic  rock  which  caps  Pilot  Knob  was  also  encountered  just 
west  of  this  mountain.  The  specimen  taken  here  proves  to  bo  a 
pyroxene-basalt,  evidently  belonging  to  the  same  general  series  as  the 
olivine-basalt  of  the  region.  In  the  Browns  Peak  region,  in  the  south- 
ern end  of  the  Panamint  Range,  the  same  basalt  occurs  in  a  number 
of  buttes,  capping  other  rocks. 

At  Johannesburg  a  dike  of  pyroxene-olivine-diabase-porphyry  was 
found,  cutting  the  ancient  rhyolites.  This  dike  is  probably  to  be  cor- 
related with  the  basaltic  flows. 

The  succession  of  igneous  rocks  in  this  district,  therefore,  is,  so  far 
as  made  out,  biotite-granite,  biotite-rhyolite,  hornblende-pyroxene- 
biotite-aleutite,  pyroxene-basalt,  and  pyroxene-olivine-diabase-por- 
phyry. 

ORE  DEPOSITS. 

Gold-bearing  veins  are  very  numerous  in  the  ancient  rhyolite  in  the 
vicinity  of  Johannesburg  and  Randsburg.  The  veins  generally  con- 
sist of  a  central  thin  seam  of  quartz,  flanked  above  and  below  by  . 
sheared,  silicified,  and  discolored  country  rock,  which  also  may  carry 
quartz  nodules  or  segregations.  There  are  also  larger  veins  of  clearer 
bluish  quartz.     Certain  portions  of  these  quartz  veins  and  altered 
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sheared  zonos  carry  fr(*e  gold  in  such  quantities  as  to  inako  them  lii^h- 
^rade  ort^s.  The  seliist-osity  of  the  rocks  has  a  general  northejist  dip 
of  15''  and  20°,  and  the  veins  art>  usually  conformable  to  this. 

SIERRA  NEVADA. 

Projierly  si)eaking,  the  Sierra  Nevada  does  not  c<mstitute  part  of 
the  present  study.  It  was  thought  l>est,  however,  to  include  the  east- 
ern edge  of  this  important  mountain  chain  so  as  to  show  its  relations 
to  the  region  lying  east  of  it.  For  the  sake  of  uniformity  a  few  brief 
descriptive  notes  will  be  given.  The  region  is,  geologically,  a  compli- 
cate<i  one,  but  has  \wion  the  subject  of  a  great  amount  of  careful 
study  by  many  geologists,  while  the  Hasin  i-egion  has  been  leftalmo.st 
untouched. 

As  a  topographic  feature*  the  Sierra  Nevada  is  a  broad  range,  attain- 
ing considerable  elevation  and  having  many  well-defined  pc^aks.  Its 
eastern  face  constitutes  a  sharp  western  limit  to  the  interior  Hasin 
region,  which  is  characterized  by  narrow  ridges  of  generally  le.ss 
height,  with  flat  desert  valleys  between.  Unlike  the  Basin  ranges, 
the  Sierra  Nevada  is  well  watered  and  wooded,  and  from  this  circum- 
stance has  derived  a  different  minor  toi>ography  from  that  of  the 
Hasin  ranges. 

SEDIMENTARY    ROCKS. 

Mr.  Turner''  states  that-  it  is  probable  that  there  aiv  in  the  Sierra 
Nevada  formations  ranging  in  age  from  Archean  or  Algonkian  to 
Recent.  The  rcwks  have  been  strongly  affect e<l  by  compression  of 
the  crust,  which  ha«  prcnluced  close  folding  and  schistosity,  and  has 
frequently  obliterated  the  original  nature  and  age  of  the  sediments. 
In  different  parts  of  the  range,*  however,  the  great  series  of  aurifemus 
slates  has  l)e(ui  found  to  contain  Silurian,  Carboniferous,  Triassic,  and 
Jurassic  fossils.  The  sui>erjacent  series  of  less  altered  rocks  consists 
of  strata  ranging  from  the  Upper  Cretaceous  through  the  Tertiary. 
Large  portions  of  the  range  are  covered  with  auriferous  river  gravels 
of  Neocene  age. 

Within  the  area  represente<l  by  the  map  accompanying  this  bulle- 
tin the  stratified  rocks  oc(Mi])y  only  restri(*t(»d  areas,  surrounded  by 
great  masses  of  granite. 

CAMBRIAN. 

Just  west  of  Mono  Lake  there  is  a  considerable  patch  of  quartzites 
and  schists,  mapi)e<l  by  Mr.  Turner*'  as  Paleozoic.  Mr.  Walcott*^  sub- 
sequently visited  these  rocks,  and  considei's  them  identical  with  the 
C'ambrian  series  of  the  White  Mountains.     Southward  from  here  a 


•»  Sevont4»eiith  Ann.  Rept.  U.  8.  Gwl.  Survey,  Pt.  I,  p.  631. 
t'H.  W.  Turner:  Fourteenth  Ann.  Ropt.  U.  8.  Geol.  Survey.  Pt.  II,  p.  445. 
«•  Seventeenth  Ann.  Rept.  U.  S.  Oeol.  Survey.  Ft   I,  PI.  XVIII. 
♦'Personal  eommuni<ration  to  the  writer. 
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short  distance,  on  the  North  Fork  of  San  Joaquin  River,  is  an  area  of 
similar  rocks,  according  to  Mr.  Turner.  Still  farther  southeast,  not 
far  from  Big  Pine,  in  Owens  Valley,  Mr.  Walcott  found  small  pat<;hes 
of  Cambrian,  and  considers  that  these  separate  occurrences  may 
belong  to  a  single  belt. 

CARBONIFEROUS. 

On  the  extreme  western  edge  of  the  map,  northeast  from  Mariposa, 
is  an  area  of  Carboniferous  rocks  which  has  been  studieil  by  Mr. 
Turner. 

TRIASSIC. 

Northwest  of  Owens  Lake,  on  the  eastern  flanks  of  the  Sierra 
Nevada,  is  an  area  of  Triassic  beds,  consisting  mainly  of  ancient 
lavas  and  tuffs,  similar  to  the  Triassic  rocks  of  the  White  Mountains 
on  the  other  side  of  the  vallej'. 

Some  distance  south  of  here  the  region  around  Owens  Peak  con- 
sists of  rocks  similar  to  the  Triassic  formations  just  described.  No 
fossils  were  found  in  this  region. 

Just  east  of  Silver  City,  which  is  southeast  of  Lake  Tahoe,  Mr. 
Turner  has  mapped  several  small  exposui'es  of  sedimentary  rock. 
In  his  reconnaissance  map''  these  areas  are  mapped  as  doubtful 
Juratrias. 

JURASSIC. 

A  long  tongue  of  the  Jurassic  rocks  which  o(?cur  at  Mariposa  comes 
into  the  map  at  its  extreme  western  end. 

ICiNEOUS  KOCKS. 

The  Sierra  Nevada  contains  enormous  quantities  of  igneous  rocks, 
both  coarse  and  fine  grained,  and  both  surface  flo\vs  and  plutonic 
and  dike  masses.  According  to  ^Ir.  Turner,*  the  coarse-grained 
rocks  consist  mostly  of  granite  and  granodiorite,  with  diorite,  gabbro, 
etc.,  while  the  abundant  Tertiary  lavas  consist  of  andesite,  rhj^olite, 
and  basalt. 

In  the  area  covered  by  the  map  accompanying  this  bulletin  (PI.  I) 
the  greater  part  of  the  Sierras  consist  of  coarse,  granular,  igneous 
rocks,  among  which  granite  and  granitic  rocks  occupy  the  chief  place. 

Overlying  the  ancient  granites,  within  the  limit  of  this  maj),  come 
occasional  areas  of  Tertiary  lavas.  Mr.  Turner  has  kindly  supplied 
the  writer  with  notes  concerning  two  of  these  regions,  one  of  which  is 
in  the  neighborhood  of  Silver  City  and  the  other  at  the  extreme 
southern  end  of  the  range,  just  north  of  the  cut  of  the  Southern 
Pacific  Railway,  between  Tehachapi  and  Mojave.  At  the  first-named 
locality  Mr.  Turner  obseri^ed  at  one  point  a  thickness  of  half  a  mile  of 


"Seventeenth  Ann.  Rept.  V.  S.  Geol.  Survey,  Pt.  I,  PI.  XVIII. 
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volcanic  lavas  and  tuffs.  The  lavas  occupy  several  separated  areas, 
and  in  them  occur  the  oi*e  deposits  of  the  region.  In  the  second 
locality  Tertiary  lavas  with  Tertiary  sediments  make  up  the  southern 
flanks  of  the  range. 

On  the  flanks  of  the  range,  about  Fish  Springs,  are  flows  of  basalt, 
described  by  Mr.  W.  A.  Goodyear.^  Mr.  11.  W.  Fairbanks*  suggests 
that  these  may  l)e  of  the  same  age  as  the  basalts  of  the  Coso  Range. 
According  to  JMr.  Fairbanks,  also,  '*andesite  covers  a  great  stretch  of 
country  about  the  heml  of  Owens  River,  forming  the  crest  of  the 
Sierra  Nevada  between  it  and  the  head  of  the  North  Fork  of  the  San 
Joaquin  River." 

STRUCTURE. 

It  has  been  recognized,  from  the  evidence  which  theMesozoic  strata 
of  the  Sierra  Nevada  offer,  that  the  folding  of  the  range  was  initiated 
at  the  close  of  Jurassic  time,  after  the  Mariposa  beds  were  deposited.^ 
During  the  period  which  succeeded  this  Jurassic  movement  erosion 
produced  great  changes,  and  gradually  brought  about  the  formation 
of  a  topography  of  little  relief,  the  mountains  being  low,  the  valleys 
broad,  and  the  streams  sluggish.  This  period  appears  to  have  reached 
its  maximum  during  the  Miocene.^  Subsequent  to  the  development 
of  this  style  of  topography  there  was  a  general  disturbance  which 
brought  about  the  acceleration  of  the  streams  and  the  cutting  of  deep 
valleys,  leaving  high  ridges  between.  This  disturbance  apparently 
consisted  in  part  of  differential  movement,  but  there  are  evidences  that 
the  whole  mass  of  the  Sierra  was  uplifted  at  least  4,000  feet,  and  possi- 
bly as  much  as  7,000  feet.^  Mr.  Turner/  concludes,  from  the  fact 
that  the  Neocene  Gulf  deposits,  at  the  very  west  edge  of  the  range, 
have  been  elevated  at  least  1,000  feet  al)ove  their  original  position, 
that  the  mountains  were  uplifted  as  a  whole,  and  not  by  a  tilt  to  the 
westward,  for  in  the  latter  case  the  west  edge  of  the  block  so  tilted 
would  remain  approximately  at  its  original  elevation. 

During  the  latter  part  of  the  time  that  the  Sierra  Nevada  region 
was  being  worn  down,  a  great  series  of  auriferous  gravels  was  depos- 
ited l)y  the  sluggish  streams.  These  gravels,  after  the  uplift  and  the 
acceleration  of  the  drainage,  remained  often  in  the  highest  parts  of 
the  range  and  in  the  regions  between  the  present  river  valleys,  especi- 
ally where  protected  by  later  cappings  of  lava. 

The  eastern  face  of  the  Sierra,  for  a  distance  of  several  hundred 
miles,  is  very  steep,  contrasting  strongly  with  the  comparatively 
uniform  and  gentle  slope  on  the  west.  The  earliest  observers  saw  in 
this  a  probable  fault  scarp.     Mr.  Clarence  King^  was  one  of  the  first 


aRept.  of  Cal.  State  Mining  Bureau,  Vol.  Vm,  pp.  271-272. 

&  Am.  Geol.,  Vol.  XVII,  p.  73. 

t-H.  W.  Turner,  Seventeenth  Ann.  Rept.  U.  S.  Geol.  Survey,  Pt.  I,  p.  65 

d  J.  8.  DiUer,  Pourteentli  Ann.  Rept.  U.  8.  Geol.  Survey.  Pt.  II,  p.  421. 

'Ibid.,  p.  433. 

/Fourteenth  Ann.  Rept.  U.  8.  Geol.  Survey,  Pt.  II,  p.  448. 

aU.  8.  Geol.  Expl.  Fortieth  Par.,  Vol.  I,  p.  744. 
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of  these,  and  the  hypothesis  has  been  accepted  by  nearly  all  succeed- 
ing geologists. 

The  observations  most  in  favor  of  the  existence  of  a  fault  are  those 
of  high  gravels  on  the  very  summits  of  the  mountains  above  the  steep 
eastern  scarp.  Mr.  Diller«  has  noted,  at  the  northern  end  of  the 
range,  that  these  gravels  are  displaced  by  a  fault  having  about  3,000 
feet  vertical  displacement,  which  extends  along  the  eastern  face  of  the 
range.  Mr.  Russell*  also  found  water- worn  gravels  on  the  top  of  the 
range  to  the  west  of  Mono  Lake,  at  an  altitude  of  about  11,500  feet. 
Mr.  Turner^  found  well-rounded  pebbles  on  the  main  summit  of  the 
range  a  few  miles  noHhwest  of  Tower  Peak,  at  an  elevation  of  over 
9,000  feet.  Mr.  Turner  observes  that  these  gravel  patches  along  the 
crest  of  the  range  undoubtedly  represent  i*emnants  of  Neocene  river 
beds,  now  almost  entirely  eroded. 

The  writer  does  not  know  of  any  case  where  actual  faulting  has 
been  proved  by  displacement  of  rocks,  unless  it  is  the  case  of  the  dis- 
placement of  recent  lavas  along  the  ci*est  north  of  Honey  Lake, 
described  by  Mr.  Diller.^  Even  in  many  of  the  instances  where  river 
gravels  have  been  found  at  the  summit  of  the  range,  it  is  possible 
that  some  other  hypothesis  maybe  found  to  explain  their  presence,  as 
well  as  that  of  faulting.  Along  most  of  the  range  the  rocks  of  the 
Sierra  Nevada  scarp  do  not  stop  abruptly,  but  are  found  in  the  ranges 
lying  next  east.  The  eastern  face  of  the  range  is  nob  the  boundary 
between  the  granites  on  the  west  and  the  volcanics  on  the  east, 
as  supposed  by  Russell.^  In  the  White  Mountain,  Pine  Nut,  and 
other  ranges  lying  next  east  of  the  Sierra,  granitic  rocks  are  found 
forming  the  core,  and  also  in  some  of  the  ranges  farther  east, 
growing,  however,  continually  lower  until  no  longer  exposed  by 
erosion. 

Mr.  King/  considered  that  the  fault  along  the  eastern  scarp  was 
formed  either  within  the  Eocene  or  at  the  close  of  Eocene  time,  since 
it  evidently  existed  before  the  formation  of  the  Miocene  Piute 
Lake,  which  was  an  inclosed  inland  body  of  water  and  was  shut 
off  from  the  sea  by  the  barrier  of  the  Sierra.  On  the  other  hand, 
Mr.  Dillerfi'  considered  that  the  fault  along  the  eastern  scarp  must 
have  been  formed  very  recently,  in  post-Tertiary  time,  since  the  Ter- 
tiary river  gravels  and  most  of  the  volcanics  are  displaced.  South 
from  the  area  observed  by  Mr.  Diller,  however,  Mr.  Lindgren^  found 
that  the  eastern  slope  of  the  range  was  formed  befoi-e  the  eruption 
of  the  andesitic  lavas. 


aFonrteenth  Ann.  Rept.  U.  S.  Geol.  Snrvey,  Pt.  II,  p  4a». 
'•Eighth  Ann.  Rept.  U.  S.  Geol.  Survey,  Pt.  I, p.  322. 
<•  Fourteenth  Ann.  Rept.  U.  8.  Geol.  Snrvey,  Pt.  II,  p.  442. 
rf Eighth  Ann.  Rept.  U.  S.  Geol.  Snrvey,  Pt.  I,  p.  429 
« Eighth  Ann.  Rept.  U.  8.  Geol.  Snrvey.  Pt  I,  p.  371. 
/  U.  S.  Geol  Expl.  Fortieth  Par.,  Vol  I,  p.  744 
^Fourteenth  Ann.  Rept.  U.  8. Geol.  Survey,  Pt.  II,  p  482. 
*Bull.  Geol.  Soc.  Am.,  Vol.  IV,  pp  257-288. 
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Since  writing  ihe  aljove  the  writer  has  obtainetl  the  following  mlcli- 
tional  information : 

On  the  east  front  of  the  Sierra,  In^tween  Caraon  and  Markleeville, 
Mr.  Lindgren  lias  found  evidence  of  recent  faulting  along  the  lm«e  of 
the  mountains.  Near  (ienoa,  Pleistocene  alluvial  deposits. are  dis- 
place<I  some  40  feet  by  this  fault.  Another  point  is  the  l)ehavior  of 
the  Carson  River,  which,  on  emerging  fi*om  the  mountains,  increases 
its  grade  abruptly,  suggesting  comparatively  recent  dislocation  of  iti> 
valley.  Mr.  Lindgren  believes  that  the  first  dislocation  along  the 
eastern  face  of  the  Sierra  Nevada  took  place  at  the  close  of  the  Creta- 
ceous and  that  movement  has  continued  at  intervals  down  to  the 
present  day.  The  faulting  was  not  simple,  but  comi>lex.  A  number 
of  more  or  less  parallel  faults  may  be  distinguished  within  a  l)elt  25 
miles  wide.^ 

a  Auriferous  tn^vels  of  the  Siorra  Nevada:  Jour.  Gool.,  Vol.  IV,  No.  8,  aud  oral  comtuunica- 
tion  to  the  writer. 
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Fossils,  Cretaceous,  Excelsior  Range 109 

Fossils,  Devonian,  list  of,  Diamond  Range. .        83 

list  of,  Egan  Range 50 

Golden  Gate  Range 58 

Highland  Range 43 

Kingston  Range,  Cal 197 

occurrence  of,  Desert  Range 161 

Las  Vegas  Range 156 

Pyramid  Peak.  Cnl 188 

Quinn    Canyon    Range,  or  Grant 

Range 71 

Fo8sils,  Eocene,  occurrenceof .  El  Paso  Range, 

Cal •. 215 

occurrence  of,  Monte  Cristo  Mountains .      106 
Fossils,  fresh  water,  occurrence  of,  Monte 

Cristo  Mountains 105-106 

Fossils.  Jurassic,    occurrence    of,  Muddy 

Creek 137 

occurrence  of,  Spring  Mountain  Range.      173 
Fossils,    Miocene,    occurrence    of,    Monte 

Cristo  Mountains 106 

Fossils,  Ordoviclan,  list  of.  Golden   Gate 

Range 58 

list  of.  Grant  Range 71 

Hot  Creek 85 

Humboldt  Range 61 

QuInn  Canyon  Range 70-71 

Schell  Creek  Range 42, 43 

Snake  Range 30, 31, 33 

occurrence  of.  Antelope  Range 37 

Desert  Range 160, 161 

Las  Vegas  Range 156 

Snake  Range 33 

T>bo 86 

White  Pine  Range,  near  Hamilton .       63 
Fossils,  Permian,  list  of,  Hamels    Peak, 

Egan  Range 52 

occurrence  of.  Spring  Mountain  Range.     171, 

172, 174 
Fossils,  Silurian.  Seenlm  FoMsils.OrdovicIan. 
Fossils,  Silurian,  list  of.  Hot  Creek  Range. .       86 
list  of,  Quinn  Canyon  Range  and  Grant 

Range 71 

occurrence  of.  Fossil  Butte 152 

Grapevine  Peak,  Cal ISS 

Pahranagat  Range 153 

Panamint  Range.  Cal 202 

Toyabe  Range 94, 96 

Bull.  208—03 15 
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Fossils,    Silurian,    occurrence    of.    White 

Mountain  Range,  Cal 208 

Fossils,  Tertiary,  occurrence  of.  Excelsior 

Range 109 

occurrence  of,  Monte  Cristo  Mountains.      106 
Fossils,  Triassic,  occurrence  of.  Good  Spring.      174 
occurrence  of.  White  Mountain  Range, 

Cal 208,209 

Pine  Nut  Range 123 

Funeral  Range,  Cal.,  geology  of 187-194 

Gabbs  Valley  Range,  geology  of 107-109 

Geologic  section.    See  Section,  geologic. 
Geologic  structure.    St  c  Structure,  geologic. 

Gold,  Cherry  Creek 54 

Darwin  or  Argus  Range.  Cal 213 

El  Paso  Range,  Cal 216 

Johannesburg  and  Rand -burg  region. 

Cal  217-218 

Keystone  Mine 174 

Mineral  City,  Nev 54 

Osceola,  Nev 36 

Postofflce  Springs,  Cal 2a5 

Sierra  Nevada  region 220 

Silver  Peak  Range 186 

Spring  Mountain  Range 174 

White  Mountain  Range,  Cal 211 

Golden  Gate  Range,  geology  of 57-59, 74, 75 

Gold  Mountain,  Cal..  geology  of 187 

Good  Spring,  geology  of 171, 174, 178, 179 

Grand  Canyon  of   the  Colorado,  geology 

of 133-134,172,173 

Grand  Canyon  group,  described 18, 19 

Grand  Wash,  geology  of 131. 132 

Grant  Range,  geology  of 68-76 

sketch  sections  of 74, 75 

Grapevine  Range.  Cal..  geology  of...  187-194,201 

Hackberry  Canyon,  geology  of 141, 144, 147 

Hamburg  limestone  and  shale,  described. .       19 

occurrence  of 63 

Hamels  Peak,  fossils  from 52 

Hamilton,  ores  In  region  of 68 

Hawthorne,  geology  of  legion 115 

Highland  Range,  geology  of 38-47 

Hiko  Range,  geological  structure  of 75 

geology  of 152-153 

Hot  Creek  Canyon,  geology  of 87 

Hot  Creek  Range,  geology  of 84-H,S 

Humboldt  formation,  described 19 

occurrence  of 78 

Humboldt  Range,  geology  of 59-61 

Igneous  rocks,  in  Antelope  Range 37-38 

Burnt  Rock  Mountains 206 

Candelaria  Mountains 114 

Coso  Range,  Cal i 214 

Darwin  or  Argus  Range,  Cal 212 

Desert  Mountains 106 

Diamond  Range S3-M 

Egan  Range 52-53 

Ellsworth  Range 102 

El  Paso  Range,  Cal 215 

Excelsior  Range 112 

Funeral  Range 192 

Gabbs  Valley lOS 

Golden  Gate  Range 58 

Grant  Range 73 

Grapevine  Range,  Cal 192 
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Ignooua  rot'kg.  in  Hiko  Range 152 

Hot  Crfpk  Ranjff 87 

Humboldt  Range 61 

Ka wieh  Range 181 

Kingston  Range,  Cal 199 

Leach  Point  Mountain*,  Cal 206 

Lrme  Mountain 184 

I»ng  Valley  Range  — 56 

.  Meadow  Valley  Canyon 141, 147 

Meadow  Valley  Range 150 

Monte  Cristo  Mountains 106 

Monitor  Range 89 

Mormon  Range 136 

Muddy  Range 137, 138 

Pahranagat  Range 154 

Pa  hn>e  Range 151 

Panamint  Range,  Cal 20l-2(M 

Pancake  Range 79 

IMlot  MonntaiuH 106 

Pilot  Knob  to  Randsburg,  Cal 217 

Pine  Nut  Range 120-122 

Piflon  Range 88 

Quinn  Canyon  Range 72-73 

Ralston  Desert 182-183 

Reese  River  Range 99 

Reveille  Range 163 

.Sehell  Crwk  Range 44 

Sierra  Nevada    219 

Hilver  Peak  Range 186 

Slate  Range,  Cal 213-214 

Smith  Valley  Range 118 

Snake  Range 35 

Spring  Mountain  Range.. 174-175 

Sweetwater  Range 126-128 

Tlmpahute  Range 159 

Toquima  Range 92 

Toyabe  Range 95-96 

Virgin  Range 131, 132 

Virginia  Range 129-130 

Wahweah  Range 90 

White  Mountain  Range.  Cal 208,210-211 

Walker  River  Range 115-116 

White  Pine  Range 65 

Worthlngton  MountHins 76 

Indian  Spring,  geology  of  region 165-167, 180 

lone,  gt»oI(^y  <if  region 99 

Iron,  Austin  region 97 

Belmont  region 93 

Jeff  Davis  Peak.    S*t  Wheeler  I'eak. 

Jurassie  roi'ks,  in  Pilot  Mountains 104 

Sierra  Nevada 218,219 

iSpring  Mountain  Range 169-171,173,174 

S((  aim  Mesozoie. 

Kawieh  Rang*',  geology  of 181 

Kern  MountaiuH,  geology  of 26, 2y,  36, 36 

toi»ographic  situation  of 25 

King,  Clarenee.  cited 101 

Kingston  Range.  Cal. ,  geology  of 195-200 

Koipato  formation,  describe<l 19 

occurrence  of 101 ,  209 

Lake  Bonneville  ( Pleistocene) 84,  a') 

Lake  Lahontnn  ( Pleistocene) .  traces  of 116- 

117, 124 

Ljike  Mono,  former  height  of 210 

Lake  Shoshone  (Pliocene),  pediments  (tf, 

in  S<xla  Springs  Valley 104 

scHliments  of,  in  Silver  Peak  Range li<6 


Lake  Shoshone  (Pliocene),  fiedimentsof,  in 

White  Mountain  Range 209 

extent  of 209-210 

Lake,  former,  in  Ralston  Desert 1S3 

near  Sweetwater  Range 128, 129 

Lake,  Pleistocene,  in  Gabbs  Valley 107. 108 

Grape\ine  and  Funeral  ranges,  Cal..  191. 194 

Ralston  Desert 183 

Little  Smoky  and  White  Pine  valleys..        79 
Lake,  Pliocene,  in  vicinity  of  Carson  . . .    124, 125 

Meadow  Valley 148 

Pancake  Range T2 

west  of  Quinn  Canyon  Range 72 

White  Mountain  Range 209,210 

Lake,  Ternary,  in  Amargosa  Valley,  Cal. ..      196 

near  Grapevine  Range,  Cal 190 

La«  Vegas  Range,  geology  of 155 

Lava.    Sec  Igneous  rocks. 

Leach  Point  Mountains,  Cal.,  geology  of.  206-206 

Lead,  Austin  region 97 

Belmont  region 93 

Darwin  or  Argus  Range,  Cal 213 

Hamilton  district 6» 

MineralCity 54 

Spring  Mountain  Range 180 

White  Mountain  Range,  Cal 211 

Lone  Mountain,  geology  of 1S;^1&4 

Lone  Mountain  limestone,  described 20 

occurrence  of 81,32,37,49 

Long  Valley  Range,  geology  of 54-57 

Manganese,  black  oxide  of,  near  Hamilton .       6^ 

Mason  Butte,  geology  of 116 

Mastodon,  teeth  and  bones  of,  Las  Vega^ 

Range 157 

Meadow  Valley  Canyon,  geology  of 184-136, 

139-148 

Meadow  Valley  Range,  geology  of 148 

Mesozoie  rocks,  in  Excelsior  Range 110-111 

Kingston  Range,  Cal 198 

Muddy  Range 137 

Pilot  Mountain  108-IOI 

Snake  Range 33-34 

Spring  Mountain  Range 169, 1?2-174 

Sec  also  Cretaceous;  Junusic;  Trias- 
sic. 

Mesquite  Valley,  Cal.,  geology  of 2a>,  204 

Mineral  City,  mines  at W 

Miocene  rocks,  in  Excelsior  Range Ill 

Sec  cUw  Tertiary. 
MLssissipplan  rocks,  in   Spring   Mountain 

Range 167 

Stenlso  Carboniferous. 

Mokeamoke  Ridge,  geology  of 62-6.H 

Monitor  Range,  geology  of 8J 

Mono  Lake,  geology  of  region 218 

former  ex.tent  of 210 

Monte  Cristo  Mountains,  geology  of 105-106 

Mormon  Canyon,  geology  of 144-145 

Mormon  Range,  geology  of 134-136 

Mountain  Spring,  geology  of  region 169. 177 

Muddy  Range,  geology  of 136-138 

Mud  Spring,  geology  of  region 160 

Mule  Spring,  geology  of  region 170, 176, 177 

Neocene  gravels,  in  Sierra  Nevada 218 

Nevada  limestone,  described 20 

occurrence  of 37, 83 

Newark  Mountain,  geologic  structure  of . . .       80 
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Niagara  formation,  occurrence  of 86 

Ogden  quartxite,  dcHcribed 20 

Opal  Mountains,  Cal.,  geology  of 200 

Ophlr  Canyon,  geologic  structure  of 96 

Ordovlcian  rocks,  in  Antelope  Range 37 

Desert  Range 160, 161 

Golden  Gate  Range 58 

Grant  Range 70-71 

Hot  Creek  Range 85-86 

Humboldt  Range 61 

Las  Vegas  Range 156 

Piflon  Range 88 

Quinn  Canyon  Range 70-71 

Snake  Range 33,  S4 

White  Mountain  Range,  Cal 208 

See  also  Paleozoic;  Hiliirian. 

Ores,  Ellsworth  Range 103 

Eureka  district M 

Hot  Creek  Range 87 

Reveille  rt^on 163 

Timpahute  Range 160 

Toyabe  Range 97 

See  also  Copper,  Gold.  ctr. 

Osceola,  geolc^y  of 27-30 

gold  at 36 

Owens  Lake,  Cal..  geology  of  region..  210,211,219 

Pahranagat  Range,  geology  of 153-154 

Pahroc  Range,  geology  of 151-152 

Pah-Ute  Lake,  use  of  name 22 

Painted  Me.«a,  geology  of 117 

Paleozoic  roclcs,  in  Darwin  or  Argus  Range, 

Cal 212 

El  Paso  Range,  Cal 214 

Meadow  Valley  Canyon 140, 143, 145 

Meadow  Valley  Range 150 

Muddy  Range 137 

Panamint  Range,  Cal 201 

Reveille  Range 162 

Slate  Range,  Cal 213 

See  al«o  Carboniferous;   Devonian; 
Ordovician;   Permian;  Silurian. 

Panaca,  geology  of  region 143 

Panamint  Range,  Cal.,  geology  of 200-205 

Pancake  Range,  geolc^y  of 77-81 

Patterson,  geology  of 40 

Pennsylvanian  rocks  in  Spring  Mountain 

Range 167,172 

Permian  rocks,  In  Spring  Mountain  Range.     171, 

172, 174 
See  aUo  Paleozoic. 

Pilot  Knob,  Cal.,  geology  of 216-218 

Pilot  Mountains,  geology  of 103-105 

Pine  Nut  Range,  geology  of 120-125 

Piflon  Range,  geology  of 88-90 

Pioche,  geology  of  region 41, 42 

geologic  structure  at 46 

Pleasant  Valley,  geology  of 29,33-36 

Pleistocene  Lake.    See  Lake,   Pleistocene; 
Lake  Bonneville;  Lake  Uihon- 
tan. 
Pleistocene  rocks,  in  Funeral  Range,  (^1..      191 

Gabbs  Valley , 108 

Golden  Gate  Range 57 

Grant  Range 72 

Grapevine  Rang^,  Cal 191 

Las  Vegas  Range 157 
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Pleistocene  rocks,  in  Meadow  Valley  Can- 
yon    146-147 

Panamint  Range,  Cal 203 

Pancake  Range 78, 79 

Pine  Nut  Range 124 

Quinn  Canyon  Range 72 

Ralston  Desert 183 

Smith  Valley  Range 118, 119 

Snake  Range 34 

Toqulma  Range 91 

Walker  River  Range 116-117 

White  Mountain  Range.  Cal 209 

Pliocene  lake.    See  Lake,  Pliocene;    Lake 

Shoshone. 
Pliocene  rocks,  in  Candelarla  Mountains . .      114 

Excelsior  Range Ill 

Grant  Range 72 

Humboldt  Range 60 

Meadow  Valley  Canyon 143-146 

Meadow  Valley  Range 150 

Mormon  Range 135 

Pancake  Range 78 

Pilot  Mountains 104-105 

Pine  Nut  Range 12S-125 

Quinn  Canyon  Range 72 

Silver  Peak  Range 185 

Smith  Valley  Range llH-120 

Snake  Range 34 

Sweetwater  Range 128 

Virgin  Range 131-132 

Walker  River  Range 117 

White  Mountain  Range,  Cal 209-210 

Sec  aim  Tertiary-. 

Pogonip  Mountain,  geology  of 62-68 

geologic  section  of 63 

Pogonip  formation,  described 21 

occurrence  of. .  40, 42, 48, 49, 58, 8  ].  86, 91 ,  152, 202 
Prospect  Mountain  limestone  and  tiuartzlte, 

described 21 

Quartz  Peak,  geology  of 153 

Quinn  Canyon  Range,  geology  of 68-76 

sketch  section  of 74 

Railroad  Pass,  geologic  structure  of 83 

Railroad  Valley,  geology  of 58 

Ralston  Desert,  geology  of 181-183 

Randsburg,  Cal.,  geology  of  hills  ea^t  of . . .      216 

Ravens  Nest,  geologic  structure  at 89 

Red  Wall  limestone,  described 21 

occurrence  of 131,133,134,172 

Reese  River  Range,  geology  of 98-99 

Reveille  Range,  geology  of 161-163 

Ruby  Group  of  Mountains,  use  of  name 56 

Salt,  surface  bed  of, at  Furnace  Creek,  Cal.      191 

Saratoga  Springs,  Cal.,  geology  of. .' 187 

Schellboume,  geology  of 44, 4  > 

Schell  Creek  Range,  geology  of 38-47 

Scissors  fault,  defined 153 

Secret  Canyon  shale,  described 22 

Section,  geologic,  at  Big  Pine,  Cal 207 

Cottonwood  spring 168, 177 

Diamond  Range 83 

Good  Spring 171, 174 

Grand  Canyon  and  Spring  Mountain, 

correlation  of 178 

Hot  Creek 86 

'    near  Indian  Springs 167 

Kingston  Range,  Cal im,  197 
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8i*ction,geologic,  at  Meadow  Valley  Canyon      1 48 

Pogonip  Mountain C3 

Quart!  Peak 153,154 

Baratoga  Springs.  Cal 187 

near  Schellboume 89 

near  Stampede  Gap 41 

Timpahute  Range 159 

VI  rginia  Range 130 

Shoshone,  Lake  ( Pliocene) 1(M,  186, 2(K)-210 

Sierra  Nevada,  geology  o! 218 

Silurian  rocks.  In  Antelope  Range 37 

Desert  Range 160-161 

Diamond  Range 83 

Egau  Range 4S-49 

Golden  Gate  Range 57^*>8 

Grant  Range G9-71 

Grapevine  Range 188 

Hiko  Range 152 

Hot  Creek  Range aV86 

Las  Vegas  Range l.V>,  156 

Lone  Mountain 184 

Pahranagat  Range 153 

Pahroc  Range 152 

Panamint  Range,  Cal 201 ,  21)2 

Pifion  Range KS 

Quinn  Canyon  Range C9-71 

Sohell  Creek  Range 40-43 

Sierra  Nevada 218 

Silver  Peak  Range 18'> 

Snake  Range 30-32 

Timpahute  Range 159 

Toquima  Range 91 

Toyal)e  Range 94. 95 

White  Mountain  Range.  C^l 208 

White  Pine  Range f3 

Worthington  Mountains 76 

Sff  aim  Ordovician;  Paleozoic. 

Silver,  in  Austin  region 97 

Belmont  region 93 

Cherr\' Creek 54 

Darwin  or  Angus  Range,  Cal 218 

Mineral  City 54 

Opal  or  Clarks  Peak  Mountains,  Cal ... .      200 

Panamint  Range,  Cal 205 

Silver  Peak  Range 1H6  | 

Spring  Mountain  Range 180  j 

Toyabe  Range 97  | 

TreasureHlll 68 

White  Mountain  Range,  Cal 211 

Silver  Peak  Range,  geology  of 184-186  | 

Slate  Range.  Cal.,  geology  of 2(M,213  . 

Smith  Valley  Range,  geology  of 117-120 

Snake  Range,  geology  of 25--36  | 

Sodaville,  geology  of  region 103. 104 

Spring  Mountain  Range,  geology  of 164-180 

sketch  sections  of 176-179 

Springs,  on  Suake  Range 2i,26 

hot,  on  Golden  Gate  Range 5h,  59 

hot,  on  Hot  Creek  Range 87  j 

warm ,  on  Spring  Mountain  Range 1 65  i 

Stampede  Gap,  geology  of 41.43,46  ^ 

Stanton,  T.  W.,  cited 109,110,123  ; 

Star  Peak  formation,  described 22  ! 

occurrence  of 101,123  i 

Stonewall  Mountain,  geology  of 182  [ 
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Stnicture,  geologic,  in  Amargom  Valley, 

Cal 196 

A n telope  Range 3S 

Burnt  Rock  Mountains,  Cal 206 

Desert  Range 161 

Egan  Range 53-54 

Ellsworth  Range 102-103 

El  Paso  Range,  Cal 216 

Excelsior  Range 112 

Funeral  Range.  Cal 192-194 

Golden  Gate  Range 59 

Grant  Range 74-76 

Grapevine  Range,  Cal 192-194 

Highland  Range 45-17 

Hiko  Range 158 

Hot  Creek  Range n 

Humboldt  Range ^ CI 

Kingston  Range 199 

Las  Vegas  Range 157-159 

Leach  Point  Mountains,  Cal 206 

Long  Valley  Range 53-57 

Meadow  Valley  Range 150-151 

Mormon  Range 135-136 

Muddy  Range 138 

Pahroc  Range 152  * 

Panamint  Range,  Cal 204 

Pancake  Range so 

Plflon  Range 89 

Quinn  Canyon  Range 73-76 

Schell  Creek  Range 44-47 

Sierra  Nevada 220 

Snake  Range 35-36 

Spring  Mountain  Range 175-180 

Timpahute  Range 160 

Toquima  Range 92-93 

Toyabe  Range 96 

Virgin  Range 132-133 

W  hite  MounUin  Range,  Cal 212 

White  Pine  Range 65-68 

Worthington  Mountains 77 

Subaerial  accumulations,  disadvantages  for 

study 139-140 

in  Gabbs  Valley 108 

in  Long  Valley  Range 55 

in  Nevada  valle>*s,  general ly 139 

in  Quinn  Canyon  Range  and  Grant 

Range 72 

Sweetwater,  geology  of  region 119,  J27 

Sweetwater  Range,  geology  of 125-129 

Tertiary  rocks  in  Amargosa  Valley.  Cal  ...      1^ 

Candelaria  Mountains 114 

El  PaM)  Range 215 

Excelsior  Range 109-111 

Funeral  Range,  Cal 189-191, 193 

Gabbs  Valley 107 

Grapevine  Range,  Cnl 189-191 

Hot  Creek  Range 86 

Kawich  Range ISi 

Kingston  Range,  Cal 198 

Las  Vegas  Range 157 

Monte  Cristo  Mountains 103 

Muddy  Range 137 

Panamint  Range 201.202 

Pancake  Range 7S-79 

Pilot  Mountains 108-104 

Ralston  Desert ! 183 


Digitized  by 


Google 


INDEX. 


229 


Pajfe. 

Tertiary  roclw  In  Revell  le  Rausre 163 

Silver  Peak  Range IV) 

Slate  Range 213 

Snake  Range 33-34 

Toyabe  Range 95 

Virgin  River  Valley 132 

.Snea/ao  Eocene;  Miocene;  Neocene; 
Pliocene. 

Timpahutc  Range,  geology  of 159-lGO 

Tonlo  formation,  described 18, 22 

occurrence  of 138 

Toquima  Range,  geology  of 89-98 

Toyabe  Range,  geology  of 93-97 

Treasure  Hill,  geologic  structure  of 06-08 

Triasslc  rocks.    See  also  Mesoxoic. 

Triassic  rocks  in  Ellsworth  Range 101,102 

Muddy  Range 137 

Pine  Nut  Range 122-123 

Sierra  Nevada 218,219 

Spring  Mountain  Range 172, 174 

Virginia  Range 130 

White  Mountain  liange,  Cnl 20H-209 

Truckee  formation,  described 22 

Tyb<>,  geology  of 86 
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Ulyabi  Pass,  geology  of 33 

structure  of 35 

Unkar  formation,  described 18,19,23 

occurrence  of 133 

Virginia  Range,  geolog>:  of 129-130 

Virgin  Range,  geology  of 131-133 

Wahweah  Range,  geology  of 89-90 

Walker  River  Range,  geology  of 115-117, 118 

Wasatch  limestone,  described 23 

Wassuck  Range.    See  Walker  River  Range. 

Water  supply,  springs  on  Snake  Range 25, 26 

Weber  conglomerate,  described 23 

Wheeler  Peak,  geology  of 25, 27, 31, 32, 36 

White  Bluil  Spring,  geology  of  region 164 

White  Mountain  Range,  Cal.,  geology  of.  206-212 
White  Pine  formation,  described 23-24 

occurrence  of 78, 80, 88 

White  Pine  Range,  geology  of 01-68 

White  Pine  Valley,  situation  of 77 

Whites  Peak,  geologic  structure  of 45 

Wileys,  geology  oi  region 127 

Wind,  effects  of.    Sec  Subaerlal  accumula- 
tions. 
Worthliigton  Motmtaiiis,  geology  of 76-77 
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A.     GENERAL   VIEW   OF   ASCUTNEY    MOUNTAIN,    PlERbON    PEAK.   AND    LITTLE 

ASCUTNEY    MOUNTAIN. 

From  a  point  or  the  New  Hampshire  side  of  the  Connecticut  River,  looking  northwest. 


B.     ASCUTNEY    MOUNTAIN   AND   THE  TERRACES  OF  THE   CONNECTICUT   RIVER. 
Atcutneyvillo  in  the  mid-distance,  looking  northwest  across  the  Corir^ecticut  River  terraces. 
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THE  GEOLOGY  OF  ASCUTNEY  MOUNTAIN,  VERMONT. 


By  R.  A.  Daly. 


INTRODUCTION. 

Natwre  of  the  investigation. — The  following  pages  embody  the  results 
of  an  investigation  of  the  lithology  and  geology  of  a  plexus  of  eruptive 
rocks  and  of  the  metamorphie  aureole  in  schistose  rocks  surrounding 
the  igneous  bodies.  The  field  work  was  begun  in  1893,  but  numerous 
interruptions  prevented  the  completion  of  the  study  until  the  present 
year.  In  the  meantime  an  elaborate  series  of  chemical  analyses  was 
made  by  Dr.  Hillebrand  (in  1896)  and  the  results  were  published  on 
pages  68-70  of  Bulletin  148  of  the  United  States  Geological  Survey. 
These  analyses  are  here  republished,  with  the  oxides  arranged  in  the 
order  recommended  by  Dr.  II.  S.  Washington.^ 

Acknowledgments, — The  writer's  best  thanks  are  due  to  Dr.  Hille- 
brand, for  the  completeness  and  accuracy  of  his  analyses;  to  Pi*of. 
J.  E.  Wolff,  of  Harvard  University,  who  not  only  suggested  this  piece 
of  research,  but  also  greatly  assisted  in  the  petrographical  determina- 
tions; to  Professor  Rosenbusch,  of  Heidelberg,  who  likewise  aided  in 
the  laboratory  study  of  the  collected  material;  to  Dr.  F.  P.  Gulliver, 
for  the  care  he  bestowed  on  the  preparation  of  the  topographical  map; 
and  especially  to  Dr.  T.  A.  Jaggar,  of  Harvard  University,  who,  after 
carrying  on  several  weeks'  field  work  in  the  area  in  collaboration, 
placed  his  notes  and  rock  collection  at  the  disposal  of  the  writer.  In 
addition,  Dr.  Jaggar  has  done  much^  in  the  microscopic  investigation 
of  the  specimens  and  in  preparing  the  photographic  illustrations  for 
this  report.  He  has  also  read  the  manuscript,  which  has  been 
improved  both  in  form  and  contents  by  his  valuable  suggestions. 

a  Am.  Jour.  Sei.,  4th  series.  Vol.  X,  19(10,  p.  69. 
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CHAPTER  I. 

PHYSICAL  GEOGRAPHY. 
GENERAIi  TOPOGRAPHY  OF  THE  ABBA. 

Mount  Ascutney  is  the  most  conspicuous  elevation  seen  by  the 
traveler  in  ascending  the  Connecticut  River  (see  PL  I,  A).  The  moun- 
tain, as  well  as  the  rest  of  the  area  considered  in  this  paper,  is  sit- 
uated on  the  right  bank  of  the  river  and  near  the  town  of  Windsor,  in 
southeastern  Vermont.  Though  having  an  elevation  of  little  more 
than  3,000  feet  (915  meters)  above  sea  level,  Ascutney  is  very  prom- 
inent as  it  rises  from  the  floor  of  the  deeply  trenched  master  valley  of 
New  England.  The  railway  bridge  over  the  Connecticut  at  Windsor 
is  but  301  feet  (92  meters)  above  sea  level;  the  summit  of  the  moan- 
tain  is,  according  to  Dr.  Gulliver's  determination,  3,114  feet  (950 
meters)  above  the  same  datum  ^  and  lies  only  3  miles  from  the  river 
(see  PI.  I,  JS).  Thus  the  mountain  is  considerably  more  imposing  than 
many  other  peaks  in  New  England,  which,  although  of  the  same  or 
even  greater  height,  yet  rise  from  a  more  elevated  base.  Additional 
scenic  importance  attaches  to  Ascutney  on  account  of  its  isolated 
position.  Among  the  nearer  noteworthy  elevations  are  Ludlow  and 
Shrewsbury  mountains  and  Killington  Peaks  of  the  Green  Mountain 
Range;  accordingly,  for  a  distance  of  20  miles  in  every  dii'ection, 
the  beautifully  compact,  broadly  conical  outline  of  Ascutney  forms  a 
principal  feature  of  the  landscape.  Largely  for  this  reason  the 
mountain  enjoys  a  special  reputation  for  beauty  among  the  inhab- 
itants and  tourists  of  New  England. 

The  conditions  for  field  work  are  good  except  in  some  parts  of  the 
main  mountain,  where  thick  second-growth  timber  effectually  conceals 
the  eruptive  rocks.  Two  good  paths  to  the  summit,  one  from  Browns- 
ville, the  other  from  the  Windsor  side,  were  open  in  1898.  The  moun- 
tain can,  however,  be  easily  climbed  from  any  direction. 

The  softened  profiles  of  the  mountain  suggest,  and  a  study  of  the 
geological  structure  of  the  region  proves,  that  Ascutney  is  a  residual 
of  erosion  (see  PI.  VII).  It  has  been  carved  out  of  this  part  of  the  once 
lofty  Appalachian  mountain  system  where  the  sedimentary  rocks  of 
the  range  have  been  intruded  by  several  stocks  and  thick  dikes  of 
igneous  rock.  The  relief  features  of  the  area  discussed  thus  belong 
to  the  same  category  as  the  very  common  sugarloaf  peaks  of  Vermont, 

oC.  H.  Hitcbcock  estimated  the  height  to  be  "about  8,168  feet: ''  Geology  of  New  Hampahire, 
Vol.  1, 18n,  p.  180. 
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located  on  intmsive  granites  and  syenites.  The  geological  map 
(PI.  VII)  indicates  in  an  almost  diagrammatic  fashion  the  sympathy 
between  relief  and  rock  composition.  Ascutney  itself  owes  its  exist- 
ence primarily  to  a  great  stock  of  quartz-syenite.  The  picturesque 
ridge  of  Little  Ascutney  is  held  up  by  a  strong  rib  of  Intrusive  syenite- 
porphyry  associated  with  other  eruptives  more  resistant  to  the  weather 
than  either  the  gabbro-diorite  stock  on  the  north  or  the  gneisses  on 
the  south.  The  shapely  cone  north  of  Little  Ascutney,  which,  for 
purposes  of  convenience  in  this  report,  has  been  named  "Pierson 
Peak "  (after  the  hospitable  owner  of  the  farm  at  the  base  of  the 
hill),  is  strictly  controlled  in  form  by  a  small  elliptical  stock  of  alka- 
line syenite  cutting  the  softer  diorites. 

Apart  from  other  more  general  considerations,  the  fact  that  these 
eruptive  rocks  are  more  resistant  to  weather  than  the  surrounding 
schists  is  clear  from  the  nature  of  the  slopes  and  profiles  at  the  con- 
tacts. As  a  rule  there  is  an  abrupt  steepening  of  the  ascent  along 
the  radiating  spurs  of  the  main  mountain  just  above  the  contact 
between  the  sedimentary  and  eruptive  rocks.  At  the  same  line  of 
contact  there  is  likewise  a  sudden  change  of  gradient  in  the  streams 
draining  the  mountain,  as  if  corrasion  were  considerably  easier  on 
the  schists  than  on  the  eruptive  rocks.  An  example  is  seen  at  the 
beautiful  ''Crystal  Cascade"  on  the  southwest  side  of  the  main  moun- 
tain. This  general  feature  of  the  residuals  of  erosion  in  our  area  may 
be  repeatedly  and  clearly  seen  in  the  granitic  hills  of  New  England 
and  might  serve  to  dispel  any  doubts  which  remain  in  the  minds  of 
.  those  students  of  erosion  who  are  skeptical  as  to  the  prevailing  theory 
of  New  England  reliefs,  for  it  is  doubtless  true  that  the  most  illumi- 
nating treatment  of  New  England  topography  finds  best  explanatian 
for  its  mountains  and  higher  hills  in  the  assumption  of  the  supe- 
rior strength  of  their  component  rocks — a  strength,  namely,  superior 
to  that  of  the  rock  masses  immediately  surrounding.  In  a  score  or 
two  of  instances  in  Vermont  and  Now  Hampshire  striking  differences 
of  relief  are  faithfully  associated  with  equally  striking  differences  of 
lithologic  composition.  Plutonic  eruptives  compose  the  mountains 
and  generally  weak  schists  underlie  the  encircling  lowlands.  In  these 
examples  the  greater  height  of  the  hills  can  scarcely  be  due  to  more 
pronounced  initial  uplift  during  the  original  mountain  building. 
When,  on  the  other  hand,  differential  erosion  is  so  clear  for  granitic 
mountains  like  Ascutney,  it  seems  legitimate  to  extend  the  idea  to 
many  New  England  residuals  of  schistose  composition,  where,  as  yet, 
full  corroborative  evidence  as  to  the  validity  of  the  same  assumption 
is  not  obtainable. 

The  view  that  the  rocks  of  the  classic  monadnock  in  New  Hamp- 
shire are  harder  than  the  somewhat  similar  rocks  about  that  moun- 
tain certainly  wins  most  credibility  from  the  general  agreement  of 
that  assumption  with  the  most  fruitful  explanation  of  the  New  England 
peneplain ;  but  it  would  be  a  matter  of  considerable  satisfaction  to 


Digitized  by 


Google 


10       GEOLOGY  OF  A80UTNEY  MOUNTAIN,  VEEMONT.    [Buu^ao*. 

those  who  have  to  deal  in  theories  of  land  scnlptore  if  detailed 
petrographic  and  field  studies  of  the  schist  monadnocks  were  made 
with  intent  to  test  the  theory  of  differential  hardness.  Perhaps  a 
microscopic  study  of  similarly  exposed  monadnock  rocks  and  low- 
land rocks  would  enable  the  investigator  to  ascertain  the  amount  of 
post-Olacial  weathering  which  has  occurred .  If  quantitative  estimates 
were  likewise  made  as  to  the  influence  of  jointage,  rifting,  cleavage, 
etc.,  the  result  should  be  to  give  a  more  scientific  basis  for  the  dis- 
cussion of  the  residuals  of  erosion  than  now  exists.  In  a  rough  way 
an  analogous  but  incomplete  study  of  the  rocks  of  this  area  has  sus- 
tained the  monadnock  theory  of  the  origin  of  Ascutney  and  Little 
Ascutney.  This  theory,  to  be  sure,  here  scarcely  needs  other  substan- 
tiation than  the  facts  of  composition,  structure,  and  present  relief. 

DRAINAGE. 

The  Connecticut  River  flows  along  a  belt  of  soft  rocks  parallel  to 
their  strike,  and  is  thus  a  typical  longitudinal  valley.  In  no  part  of 
its  course  is  it  more  clearly  "adjusted  "  to  a  relatively  weak  zone  than 
on  the  "Calciferous  mica-schist"  eastward  of  the  mountain.  Simi- 
larly Mill  Brook  follows  the  strike  of  the  rocks  in  that  gorge-like  part 
of  its  course  between  the  elbow  south-southeast  of  Windsor  and  its 
confluence  with  the  Connecticut.  Elsewhere  Mill  Brook,  like  the 
stream  entering  the  main  river  near  Ascutneyville,  belongs  to  the 
class  of  "superposed"  streams,  having  sunk  its  channel  irregularly 
through  drift  and  terrace  sands  into  the  underlying  schists.  Short 
but  broad  valleys,  located  partly  on  schists,  partly  on  the  compara- 
tively soft  diorite,  separate  Little  Ascutney  and  Ascutney  Mountain 
proper.  These  valleys  are  also  adjusted  to  weak  zones  in  the  rocks, 
and  belong  to  the  now  well-recognized  class  of  "subsequent"  valleys. 

But  it  is  not  easy  to  place  the  radiating  drainage  of  the  main  moun- 
tain in  the  accepted  classification  of  streamrcourses.  There  is  nothing 
to  show  that  the  erupti ves  of  the  area  ever  reached  the  surface  to  form 
volcanic  flows  or  cones;  they  seem  rather  to  have  consolidated  in  the 
form  of  a  complex  stock-like  boss.  The  structure  of  the  region  shows 
that  the  radiating  drainage  is  not  the  result  of  inheritance  from  the 
surface  of  a  dome  in  the  overlying  schists,  in  which  a  different  pattern 
of  drainage  would  have  predominated,  namely,  a  more  or  less  rectan- 
gular network  of  stream  courses.  Such  a  dome  would  not  likely  be 
able  to  alter  seriously  the  directions  of  the  streams  originating  either 
in  the  folding  of  the  schists  or  in  the  process  by  which  newer  valleys 
would  be  worn  out  on  weak  belts  parallel  to  the  strike.  These  radi- 
ating streams  can  not,  thus,  be  regarded  as  "superposed"  through 
the  schist  blanket  once  overlying  the  stocks. 

There  is  here,  in  fact,  a  kind  of  drainage  which  is  controlled  in  its 
development  by  constructional  processes  fundamentally  different  from 
those  usually  considered  in  a  systematic  discussion  of  streams.  Fold- 
ing, faulting,  and  glacial  and  volcanic  accumulation  are  examples  of 
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processes  leading  to  the  formation  of  surfaces  which  are,  in  the  initial 
stage,  exposed  to  erosion.  But  there  is  a  kind  of  subterranean  con- 
struction to  be  found  in  the  intrusion  of  large  bodies  of  igneous  rock, 
which  may,  in  the  course  of  time,  affect  the  relief  and  drainage  of  a 
region  much  more  conspicuously  than  the  processes  just  mentioned. 
The  uncovering,  by  erosion,  of  a  boss  of  igneous  material  harder  than 
the  surrounding  rock  formations  will  necessitate  either  the  true 
"superposition"  of  streams  in  the  manner  just  suggested,  but  excluded, 
for  good  reasons,  in  the  Ascutney  instance,  or  the  formation  of  new 
ones  divergent,  roughly  speaking,  from  the  center  of  the  boss  toward 
the  lowlands  of  the  less  resistant  formations.  These  latter  streams 
are  logically  consequent  on  the  intrusion  and,  to  a  greater  or  less 
extent,  consequent  in  length  and  direction  on  the  original  contours 
and  ground  plan  of  the  irruptive  body.  This  may  be  true  in  a  large 
way  whatever  the  details  of  form  in  the  upper  surface  of  the  igneous 
mass.  Whether  it  be  a  regular  boss  with  smooth  profiles,  or  one 
irregularly  terminated  by  apophyses  into  the  overlying  rock,  the 
superior  hardness  of  the  intrusive  will,  in  the  end,  tend  to  cause  its 
projection,  as  a  whole,  above  the  soft-rock  terrane;  so  that  there  will 
be  brought  about  an  approximation  to  the  average  original  profile  of 
the  boss.  There  must  in  any  case  originate  on  its  revealed  surface 
a  number  of  streams  divergent  from  the  central  region  of  the  boss 
and  flowing  toward  the  surrounding  lower  land. 

Such  streams  are  seen  to  be  analogous  to  those  which  drain  the 
retreating  escarpments  of  tilted  stratified  beds — ^the  class  of  "  obse- 
quent"  streams  as  defined  by  Professor  Davis.  Obsequent  streams 
drain  the  scarped  front  of  a  hard  member  of  the  stratified  series  and 
are  the  result  of  the  excavation  of  lowlands  by  the  lengthening  and 
widening  of  valleys  in  an  underlying  softer  formation.  The  radial 
draiA^e  here  considered  is  similarly  caused  by  the  removal  of  rock 
material  less  resistant  to  the  weather  than  the  intrusive  igneous  rock. 
At  the  same  time,  that  removal  means  the  origination  of  drainage 
"  adjusted"  to  the  soft  encircling  formation.  The  adjustment  is  here 
circumferential  and  centrifugal  with  reference  to  the  middle  point  of 
the  intrusive  body,not  longitudinal  (parallel  to  the  strike  of  a  bedded 
formation),  as  in  the  case  of  those  '*  subsequent"  streams  into  which 
"  obsequents  "  pour  their  waters.  ^ 

The  radial  drainage  of  Ascutney  is  thus  believed  to  owe  its  origin 
to  the  degradation  of  the  encircling  schists — a  centrifugal  control 
due  to  differential  hardness.  Located  on  a  hard  member,  they  are 
to  be  associated  with  obsequent  drainage,  and  share  with  obsequent 
and  subsequent  drainage  the  characteristic  of  appearing  only  rela- 
tively late  in  the  whole  geographical  cycle  of  degradation.  They  are 
also  conditioned  by  the  original  form  of  the  intrusive,  and  are  thus 
consequent.  To  express  their  composite  nature  they  may  be  called 
subconsequenty  using  a  term  which  was  first  proposed  by  Professor 
Davis  for  what  are  generally  coming  to  be  called  "subsequent" 
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streams.  His  abandonment  of  the  longer  for  the  shorter  term,  which 
was  independently  invented  by  him  and  by  Jokes,  leaves  **subcon- 
seqnent "  open  to  the  special  use  to  which  we  propose  to  attach  it. 
The  prefix  *'sub"  is  especially  appropriate,  as  it  serves  to  indicate 
the  necessary  lack  of  absolute  and  exact  control  possessed  by  the 
constructional  form  of  the  intruded  body  over  the  trend  of  this  class 
of  streams  even  where  they  run  over  the  igneous  rock.  That  control 
will,  to  some  extent,  be  imperfect  on  account  of  a  variety  of  circum- 
stances connected  with  the  removal  of  the  cover  and  the  apophyses 
penetrating  the  cover.  While  subconsequent  drainage  is  always 
divergent,  it  may  be  radial  or  elliptical  where  the  intrusive  has  a 
circular  or  elliptical  ground  plan;  or  bilateral,  as  in  the  case  of 
many  batholiths  and  great  dike-like  intrusions;  or,  finally,  irregularly 
divergent. 

GliACIATION  OF  MOUNT  ASCUTNEY. 

The  similarity  of  form  between  Mount  Ascutney  and  other  residuals 
in  the  glaciated  tract  of  New  England,  on  the  one  hand,  and  the  residuals 
of  Georgia  and  the  Carolinas  on  the  other,  particularly  in  I'espect  to  the 
systems  of  radiating  drainage  seen  on  all  slopes  of  the  northern  moun- 
tains, is  suggestive  of  the  fact,  which  seems  borne  out  by  many  otliers, 
that  glacial  erosion  has  very  slightly  affected  the  shape  of  these  greater 
reliefs  of  New  England.  The  accumulating  evidence  of  intense  glacial 
erosion  in  alpine  valleys,  whereby  hundreds  or  even  thousands  of  feet 
of  fresh  rock  have  been  quarried  away  by  master  glaciers  from  their 
rock  floors,  recalls  the  question,  raised  oftentimes  a  generation  ago,  as 
to  how  much  material  was  disturbed  by  the  great  Pleistocene  glaciers 
of  North  America.  The  answer  seems  again  to  be  unequivocal  that 
such  erosive  work  as  that  carried  on  during  Pleistocene  times  in  the 
Norwegian  fiords,  for  examx)le,  was  not  paralleled  in  New  England. 
If  it  had  been,  we  should  expect  Mount  Ascutney,  once  entirely  over- 
ridden by  ice,  to  possess  a  somewhat  definite  stoss-and-lee  form  and 
to  have  suffered  a  serious  change  in  its  drainage.  The  radiating 
ravines  are  so  deep  and  contain  such  clear  evidences  of  glaciation  in 
their  bottoms  that  they  can  not  be  ascribed  to  post-Glacial  erosion. 
They  have  not  the  appearance  of  cirques,  and  hence  can  not  be 
ascribed  to  the  work  of  local* glaciers,  for  which,  indeed,  on  so  small 
a  mountain,  the  required  gathering  ground  is  lacking.  These  ravines 
and  water  courses  must  be  pro-Glacial.  This  being  the  case,  the  con- 
clusion lies  near  to  hand  that  the  Labrador  ice  sheet  did  not  approach 
in  erosive  activity  the  local  glaciers  of  Switzerland,  Norway,  Labrador, 
or  Alaska.  The  northwest,  north,  and  northeast  slopes  of  Ascutney 
would  have  borne  the  brunt  of  the  glacial  attack  and  perhaps  suf- 
fered a  more  vigorous  onslaught  than  the  lowlands  on  account  of  the 
projection  of  the  mountain  above  the  general  glaciated  floor,  but  these 
slopes  on  the  stoss  side  are  as  well  provided  with  the  usual  radiating 
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stream  courses  as  those  on  the  south.  It  is  highly  improbable  that 
such  symmetry  would  persist  if  the  Ascutneycone  had  been  seriously 
affected  in  volume  by  the  glacier.  The  same  patent  observation  can 
be  and  has  been  made  in  many  parts  of  northeastern  America  where 
the  appropriate  reliefs  occur,  but  it  is  worthy  of  restatement  in  order 
to  point  out  once  again  the  mysterious  contrast  between  the  excavating 
power  of  present  and  past  valley  glaciers  and  of  the  incomparably 
greater  Pleistocene  ice  caps. 

The  mantle  of  glacial  drift  in  the  area  discussed  is  much  interrupted 
and,  in  general,  quite  thin,  so  that  outcrops  of  the  bed  rock  are 
numerous.  The  fine  terraces  of  the  Connecticut  and  of  Mill  Brook 
cover  some  of  the  "Calciferous  mica-schist"  (PI.  I,  B),  The  highest 
of  these  is  216  feet  (66  meters)  above  low-water  level  of  the  river  at 
Windsor.  It  was  used  by  J.  D.  Dana  as  important  evidence  of  the 
height  to  which  the  flooded  Connecticut  extended  its  banks  in  Cham- 
plain  times. ^  The  gneisses  of  the  southwest  portion  of  the  area  are 
blanketed  over  with  the  alluvium  of  the  brook  at  Greenbush. 

SUMMARY. 

Mount  Ascutney,  like  most  of  the  mountains  of  New  England,  is  a 
residual  of  erosion,  a  monadnock  overlooking  a  dissected,  rolling 
plateau.  The  relief  as  a  whole  and  in  its  details  is  controlled  by  rock 
composition  in  a  specially  definite  manner.  Proofs  of  differential 
hardness  are  evident  in  the  present  topography,  intrusive  bodies 
contrasting  in  this  respect  with  one  another  and  with  the  adjacent 
schists.  The  drainage  of  the  area  is  that  of  an  ancient  mountain 
system.  There  is  clear  adjustment  of  the  streamways  to  soft  struc- 
tures, giving  "longitudinal  subsequent"  streams  and  radially  diver- 
gent '*subconsequents."  The  latter  occur  on  the  main  intrusive  rock 
body,  which  dominates  all  the  others  through  its  superior  strength 
against  weathering  influences  and  through  its  relatively  greater  vol- 
ume. The  discussion  of  this  mountain,  which  is  but  one  of  a  numer- 
ous family  found  in  eastern  North  America,  emphasizes  once  more  the 
need  of  recognizing  deep-seated  intrusion  as  a  constructive  process  no 
less  important  for  certain  regions  than  the  faulting,  folding,  or  some 
other  initiating  deformation  of  the  earth's  surface  which  begins  a  new 
cycle  of  erosion.  The  history  of  the  Ascutney  topography,  including  its 
drainage,  begins  logically  and  chronologically  with  the  date  of  the 
intrusion  of  the  Main  syenite  stock.  The  existing  subconical  form 
and  the  radiating  stream  courses  of  the  mountain  may  be  said  to  be 
"subcon sequent"  upon  that  constructional  process  of  intrusion. 

The  general  form  of  Ascutney  was  not  essentially  affected  by  the 
Pleistocene  glaciation.  A  veneer  of  pre-Glacial  weathered  rock  was 
removed  and  the  rounding  of  minor  points  accomplished  by  the  ice 
invasion,  but  the  pre-Glacial  Ascutney  had  practically  the  form  of 
the  present  mountain. 


a  Am.  Jour.  Sci.,  3d  series,  Vol.  XXIH,  1882,  p.  183. 
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CHAPTER  II. 

GENERAL   DESCRn>TION   OF   THE  SCHISTS  IN  THE  AREA. 

The  fundamental  rocks  through  which  the  eruptions  took  place 
naturally  first  demand  attention.  The  following  account  of  them  will, 
however,  be  brief,  as  befits  the  main  purpose  of  this  paper.  They 
consist  of  two  conformable  members,  a  phyllitic  and  a  gneissic. 

PHYIililTIC  SERIES. 

The  numerous  specimens  collected  from  the  phyllite  indicate  a 
tolerable  uniformity  in  the  lithological  character  of  that  rock  through- 
out its  whole  extent  in  the  neighborhood  of  Mount  Ascutney.  It 
is  composed  essentially  of  quartz,  sericite  (often  partially  replaced 
by  biotite),  argillaceous,  chloritic,  and  carbonaceous  material, 
accompanied  by  notable  amounts  of  iron  sulphides  and  titaniferous 
iron  ore  (PL  II,  A),  Rare  crystals  of  orthoclase  and  of  a  triclinic 
feldspar,  equally  rare  grains  of  epidote,  and  perfect,  minute  crystals 
of  rutile  and  of  titanite  are  sporadically  developed.  The  quartz  forms 
interlocking  grains  between  the  sericite  fibers  and  layers  which  pro- 
duce the  marked  lamination  of  the  rock.  Straining  in  the  quartz  is 
at  times  notable  and  seems  to  be  correlated  with  microscopic  faulting 
in  the  rock  as  a  whole.  Along  these  incipient  fault  planes  a  further 
development  of  sericite  has  taken  place,  thus  giving  the  rock  the 
wavy  appearance  characteristic  of  strain-slip  cleavage  (PL  II,  B), 
Good  examples  of  this  phenoi^fienon  are  to  be  found  in  the  quarry 
beside  Mill  Pond  near  Windsor.  Lenses  and  laminaB  of  milky  quartz 
are  very  abundant  and  have  sometimes  shared  in  the  crumbling  of 
the  phyllite,  though  generally  they  seem  to  have  been  formed  posterior 
to  its  folding. 

Very  often  through  the  series  the  argillaceous  material  is  nearly  or 
quite  absent  and  we  have  a  simple  quartz-sericite-schist.  An  excep- 
tionally fresh  specimen  of  this  phase,  collected  in  the  low  cliffs  just 
west  of  Ascutneyville  (spec.  24),  has  been  analyzed  (Table  I,  p.  15.) 
It  is  practically  a  quartzite,  which  bears,  in  addition  to  the  other 
essential  constituent,  sericite,  very  small  amounts  of  orthoclase,  an 
undetermined  plagioclase,  epidote,  ilmenite,  rutile,  titanite,  and  a  little 
pyrite,  with  probably  pyrrhotite. 
14 
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Table  I. — Analysis  of  quartZ'Sericite'Schist  {specimen  24)  from  cliffs  west  of 

Ascutneyville, 

Per  cent. 

SiO, 90.91 

A1,0, 4.18 

FejO, 0.22 

FeO 1.27 

MgO 0.37 

CaO 0.22 

Na,0 0.77 

K,0 0.58 

HjO  above  no**  C _ 0.74 

H,0  below  no**  C 0.06 

CO, 0.18 

TiO, 0.28 

ZrO, 0.02 

PA 0.05 

a - Trace. 

F - ..-_  Trace. 

FeSjandFeySg : «0.11 

MnO - Faint  trace. 

BaO - Trace. 

LijO Strong  trace. 

C -...- «'0.10 

100.06 

Total  S 0.056 

Sp.  gr 2.678 

The  phyllites  outcrop  on  the  edge  of  the  upi>er  terrace  of  the  Con- 
necticut River  with  a  strike  of  N.  5°  E.  and  an  average  dip  of  60''  E. 
(PI.  VII.) 

The  planes  of  foliation  here  and  all  across  the  series  to  the  gneissic 
area  are  regarded  as  very  closely  coincident  with  the  original  bedding. 
Many  beds  of  limestone  from  3  inches  to  2  feet  (8  to  60  centimeters) 
in  thickness  are  intercalated  in  the  phyllites  and  are  always,  so  far 
as  observ^ed,  conformable  with  their  foliation  planes.  C.  H.  Hitchcock 
used  the  foliation  as  expressive  of  true  stratification  and  has  remarked : 
"I  believe  the  strata  on  both  sides  of  Ascutney  are  monoclinal  and 
dip  east-erly."*^  Farther  to  the  west,  in  the  monoclinal  structures  of 
the  Green  Mountains,  patient  and  successful  study  of  the  actual 
bedding  has  showed  a  close  correspondence  of  schistosity  and  true 
dip  in  the  many  folds  overturned  to  the  west.^  On  the  other  hand, 
there  is  no  doubt  that  in  other  localites  in  this  same  phyllitic  forma- 
tion there  is  "striking  unconformity  between  the  planes  of  deposition 
and  the  fissility."* 

a  Note  by  Dr.  Hillebrand,  analyst:  On  boiling  with  dilute  HCl,  some  HfS  is  given  oflP,  followed 
by  a  strong  and  persistent  odor  of  volatilizing  sulphur,  showing  the  decomposition  of  a  sulphide 
with  the  formation  of  H^S  and  the  simultaneous  deposition  of  sulphur.  It  is  probable  that 
both  pyrite  and  pyrrhotite  are  present. 

b  Another  sample  gave  0.06  per  cent  carbon  and  0.48  i>er  cent  OOa. 

<?  Geology  of  New  Hampshire,  Concord,  1877,  Vol.  II,  p.  400. 

dSee  C.  L.  Whittle,  The  general  structure  of  the  main  axis  of  the  Green  Mountains:  Am.  Jour. 
Sci.,  3d  series.  Vol.  XLVH,  1804,  p.  847. . 

«C.H.  Bichardson:  Proc.  Am.  Assoc.  Adv.  Sci.«  Boston  me^tin^,  1896,  p.  296. 
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PLATE   II. 

A^  Unaltered  phyllite,  showing  normal  plane-parallel  structnre;  ordinary  light, 
X20.     (Seep.  14.) 

B,  Phyllite,  showing  bent  laminee  and  strain-slip  cleavage;  ordinary  light, 
X  20.     (See  p.  14.) 
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There  is  no  better  summary  of  the  writer's  views,  obtained  from  but 
a  limited  study  of  the  series  in  the  vicinity  of  Ascutney  ville,  than  that 
already  given  by  EdWkrd  Hitchcock:  "We  have  noticed  no  cases 
where  the  stratification  and  schistose  structure  did  not  essentially 
coincide,  though  often  one  or  the  other  was  obscure,  very  probably 
because  there  was  a  discordance  of  this  kind,  which  careful  study 
might  have  traced  out."* 

Westward  across  the  strike  on  the  north  side  of  the  mountain  the 
dip  of  the  phyllite  is  seen  to  steepen  until  the  bedding  shows  an  incli- 
nation of  75°  or  more  to  the  east.  These  high  dips  occur  about  in  the 
meridian  passing  through  a  point  a  half  mile  east  of  Brownsville, 
where,  in  places,  the  dip  is  even  vertical.  The  strike  ranges  from 
N.  10°  E.  to  N.  23°  W.,  but  is  rarely  far  from  its  average  trend,  which 
is  due  north  and  south.  The  cross  section  on  the  south  side  of  the 
mountain  indicates  a  variation  in  the  strike  of  from  N.  15°  E.  to  N. 
20°  W.,  with  the  averse  again  practically  north  and  south.  The  dip 
averages  60°  to  the  east,  though  a  rapid  steepening  below  the  granite 
quarries  gives  angles  as  high  as  83°.  The  two  sections  of  the  phyllitic 
series  thus  correspond  to  a  dynamjcally  metamorphosed  integral  mass 
of  sediments,  deformed  so  as  to  present  the  appearance  of  a  great 
thickness  of  conformable  tilted  rocks  with  a  high  dip  to  the  east. 

GNEISSIC  SERIES. 

West  of  the  meridian  which  passes  through  the  diorite-syenite 
contact  appears  a  group  of  medium-grained  to  coarse-grained  crystal- 
line schists  more  varied  in  composition  and  more  complex  in  structure 
than  the  phyllites.  There  is  no  distinct  plane  of  junction  between 
the  two  series.  Both  north  and  south  of  the  mountain,  going  west,  the 
phyllite  simply  assumes  a  more  and  more  feldspathic  character  until 
it  merges  into  a  conformable  and  typical  gneiss.  No  attempt  has 
been  made  to  nnravel  this  complex,  even  so  far  as  that  is  possible. 
A  qualitative  treatment  only  has  been  deemed  sufficient  for  present 
pufposes,  and  as  a  result  only  very  slight  differentiation  of  the  gneisses 
is  to  be  noted  on  the  map. 

The  most  abundant  member  of  the  gneissic  series  is  a  muscovite- 
biotite-epidote-gneiss  of  variable  texture.  It  is  often  richly  charged 
with  scapolite.  Likewise  abundant  are  biotite-muscovite-gneiss, 
biotite-gneiss,  muscovite-gneiss,  epidote-gneiss,  or  mica-schists,  all  of 
which  seem  to  be  transitional  into  the  main  gneissic  type.  Very  often 
the  feldspars  are  large  and  the  structure  is  that  of  a  true  augengneiss. 
All  these  types  may  be  garnetiferous.  With  them  are  associated  thin 
bands  of  beautifully  crystallized  homblende-biotite-quartz-schists  and 
epidotic  hornblende-schists.  The  finest  types  of  these  hornblende- 
schists  were  found  in  a  number  of  massive  ledges  on  the  west  side  of 

a  G^eoloKy  of  Vermont,  Claremont,  1881,  Vol.  1,  p.  476. 
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the  road  running  through  Greenbush,  and  thus  outeide  the  limits  of 
the  area  mapped,  but  excellent  sill-like  occurrences  may  t>e  studied 
just  below  the  Cr^^stal  Cascade.  Thick  pods* of  coarsely  crystalline 
limestone  and  of  marble,  generally  charged  with  nests  of  radiatiD«r 
tremolite  (the  "wood-rock"  of  the  quarryman),  are  included  in  the 
gneissic  area,  but  again  outside  the  immediate  region  under  considera- 
tion. The  neai^est  of  these  lenses  of  limestone  has  been  rather  exten- 
sively quarried  for  the  manufacture  of  quicklime  at  Amsden,  about  2 
miles  southwest  of  Little  Ascutney .  Sheets  of  now  greatly  weathered 
diabase  are  not  uncommon  in  the  gneisses,  and  the  apophyses  from 
the  diorit-(*8  and  syenites  often  assume  the  same  form. 

An  intrusive  sheet  of  composition  and  origin  quite  different  from 
that  of  any  other  rock  yet  studied  in  the  area  was  found  exposed  for  a 
length  of  about  500  yards  (458  meters)  with  a  strike  of  N.  lo*"  W.  It  is 
tenninated  at  the  northern  end  by  the  younger  rock  mass  of  the  Main 
syenite  stock  at  a  point  about  one-half  mile  from  Crystal  Cascade. 
The  southern  end  of  the  sheet  is  concealed  by  a  drift.  This  sheet 
varies  from  60  to  100  feet  in  thickness  and  dips,  conformably  with  the 
quartz-epidote-schist,  55°  to  the  east.  The  inclusion  within  its  mass 
of  horses  of  the  schist  and  the  appearance  of  apophyses  from  it  within 
the  latter  clearly  prove  its  intrusive  nature  (see  PL  VII). 

A  gneissic  structure  is  generally  visible  on  weathered  surfaces, 
though  it  is  sometimes  quite  absent.  The  sheet  rock  has  evidently 
been  squeezed  with  the  schist,  and  both  have  been  broken  by  faults  of 
small  throw.  The  light-gray  hand  specimen  itself  exhibits  granula- 
tion, and  the  extensive  alteration  of  the  old  eruptive  is  indicated  by  the 
presence  of  many  irregular  grayish  to  silvery- white  blotches  of  mus- 
covite  (specimen  175).  Dark-colored  minerals  are  not  visible  macro- 
scopically.  Microscopic  examination  shows  that  the  crushing  has 
been  profound.  Abundant  granulated  quartz  and  orthoclase,  greatly 
bent  lamellae  of  plagioclase  and  microcline  (?),  and  the  abundant  mus- 
covite  present  especially  characteristic  proofs.  Besides  epidote,  which 
appears  to  be  a  metamorphic  derivative  from  the  plagioclase,  rare 
zircon  crystals  and  a  few  grains  of  an  iron  ore  complete  the  list  of 
constituents.  A  muscovite-gneiss  at  the  present  time,  this  rock  was 
doubtless  of  the  nature  af  an  aplitic  sill  before  the  period  of  dynamic 
metamorphism.  It  is  of  interest  in  representing  something  like  the 
condition  to  which  the  latter  eruptives  would  have  been  reduced  if, 
since  intrusion  and  consolidation,  they  had  been  affected  by  mountain 
building  on  the  scale  indicated  by  the  present  attitude  of  the  schists. 

It  has  already  been  noted  that  on  both  sides  of  the  mountain  the 
phyllite  assumes  from  east  to  west  a  more  and  more  gneissic  character 
in  a  fairly  broad  north-south  zone.  The  strike  and  dip  in  this  transi- 
tion zone  are  similar  to  those  of  the  phyllites  proper,  and  they  are 
retained  in  the  gneisses  on  the  south  of  the  dioritic  stock.  On  the 
north  side,  however,  while  conformable  with  the  phyllite  near  the 
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transition  zone,  the  gneisses  vary  in  strike  from  north  and  south  to 
east  and  west.  The  average  strike  is  about  northwest  to  southeast. 
As  the  section  is  followed  westward  the  gneisses  are  seen  to  be  greatly 
contorted  and  to  writhe  about  in  the  most  irregular  way,  the  angle  of 
dip  changing  considerably  with  the  strike.  These  structural  changes 
are  introduced  so  gradually  in  and  west  of  the  transition  zone  that 
they  do  not  preclude  the  idea  that  the  gneiss  underlies  the  phyllites 
conformably.  Such  is  believed  to  be  the  relation  between  the  two 
series. 

In  this  instance  the  chronological  treatment  of  the  rocks  of  the 
area  has  been  deviated  from.  This  has  been  done  because  the  phyl- 
lites have  greater  stratigraphic  simplicity,  and  dynamic  metamorphism 
has  affected  them  to  a  much  smaller  degree  than  the  older  crystalline 
schists.  At  the  same  time,  the  amount  of  light  thrown  on  the  origin 
of  the  gneisses  by  the  brief  and  limited  study  of  the  phyllites  is  not 
that  which- would  accrue  from  an  accurate  and  detailed  mapping  of 
the  schists  far  beyond  the  limits  of  the  area  mapped.  The  intimate 
association  of  the  two  series  and  the  occurrence  of  the  limestone  iK)ds 
in  the  gneiss  render  it  highly  probable  that  the  gneiss  is  for  the  most 
part  composed  of  material  that  was  originally  sedimentary.  Beyond 
this  general  statement  the  facts  obtained  in  the  Ascutney  area  will 
not  permit  us  to  go,  nor  for  the  immediate  purpose  of  this  paper  is  it 
necessary  to  inquire  further  into  the  details  of  the  history  of  the 
metamorphism. 

GEOIiOGIC  AGE  OF  THE  SCHISTS  AND  OF  THE   INTRUSIVE 

ROCKS. 

Outside  regions  must  be  turned  to  for  a  solution  of  the  difficult 
problem  as  to  the  age  of  the  schists  and,  inferentially,  as  to  the  maxi- 
mum age  that  may  be  assigned  to  the  eruptives.  The  Vermont  Sur- 
vey Report  of  1861  includes  the  phyllitic  series  in  the  "  Calcif erous 
mica  schist,"  and  states  that  this  formation  is  overlain  by  clay  slate 
which  a  "strong  presumption "  would  place  in  the  Devonian;  and 
hence  that  the  schist  is  at  least  Devonian,  and  may  be  older.  <*  Speak- 
ing of  the  underlying  gneiss,  Edward  Hitchcock  wrote,  "We  have 
already  made  it  probable  that  the  Calciferous  mica  schist  has  been 
converted  into  gneiss  from  Ascutney  southward.  If  so,  whatever  the 
age  of  the  schist  may  be,  that  of  the  gneiss  is  the  same."*  Hitchcock 
left  the  question  of  age  open,  though  he  seems  to  have  given  weight 
to  T.  S.  Hunt's  conclusion,  based  on  studies  in  the  northern  extension 
of  these  schists  into  Canada,  that  they  are  of  Niagara  or,  at  any  rate, 
Upper  Silurian  age.^  Emerson  has  proved  that  the  Bernardston  series 
of  Vermont  and  Massachusetts  is  of  Hamilton  and  Chemung  age.** 
That  series  overlies  the  Calciferous  mica  schist,  so  that  the  latter  is 
Lower  Devonian  or  older. 

a  Vol.  I,  p.  485.  c  Am.  Jotit.  Sci.,  2d  eertee,  Vol.  XVIII,  1854,  p.  1«J. 
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Recently  the  detailed  field  observations  of  C.  H.  Richardson  have 
aflforded  more  definite  information,  lie  divides  the  Calciferous  mica 
schist  into  a  calcareous  member,  the  Washington  limestone,  and  a  non- 
calcareous  member,  the  Bradford  schist.  The  latter  includes  the 
phyllitic  series  of  the  Ascutney  region.  Richardson  correlates  the 
Bradford  schist  with  the  (Toshen  schist  of  Emerson  in  Massachusetts. 
The  Bradford  schist  is  "flanked  on  the  east  by  a  band  of  clay  slate 
and  on  the  west  by  the  Washington  limestone,  which  in  turn  is 
flanked  on  the  west  by  a  band  of  clay  slate.  The  two  bands  of  slate, 
the  Bradford  schist,  and  the  Washington  limestone  lie  unconforniably 
both  on  the  east  and  west  on  a  synclinal  trough  of  the  hydromiea- 
schist,  which  is  Iluronian."  His  discovery  of  fossils  in  the  clay  slate 
has  enabled  Richardson  to  prove  it  to  belong  to  the  Lower  Silurian. 
'*The  Bradford  schist  and  Washington  limestone,  which  have  oscil- 
lated from  the  *  Primitive '  of  Zadock  Thompson  to  the  Niagara  of 
Professor  Dana,  are  Lower  Silurian,  and,  more  definitely,  Ix)wer 
Trenton. "« 

The  schists  had  been  flexed  into  essentially  their  present  attitude 
l>ef  ore  any  considerable  eruption  of  igneous  rock  took  place  in  this  area. 
The  sheets  of  amphibolite  and  sills  of  aplitic  material  noted  above 
have  been  changed  both  in  composition  and  structure  by  the  dynamic 
action  of  the  tilting  process.  They  are,  however,  of  minor  imi>or- 
tance,  and  do  not  weaken  the  conclusion  that  the  mountain-building 
forces  had  practi(*ally  ceased  acting  before  the  eruptive  masses  of 
Ascutney  had  appeared  in  the  main  conduit.  Occasionally  the  feld- 
spars and  biotite  crystals  of  the  rock  in  the  oldest  (gabbro-diorite) 
stock  show  considerable  straining  and  bending,  but  such  effects  are 
far  inferior  in  degree  to  those  which  would  result  if  the  diorite  had 
undergone  the  enormous  pressure  necessitated  in  the  folding  of  the 
sediments.  The  still  younger  intrusives  show  even  less  evidence  of 
squeezing  or  dislocation  since  they  were  consolidated. 

The  principal  intrusions  are,  accordingly,  post-Trenton  in  age,  and 
probably,  if  we  may  judge  from  the  analogy  of  other  granitic  intru- 
sions in  the  Appalachian  system,  post-Carboniferous  and  pre-Creta- 
ceous.     Nearer  than  that  they  can  not  as  yet  be  more  definitely  dated. 

SUMMARY. 

The  irruptives  of  Mount  Ascutney  cut  a  series  of  tilted  schists 
assigned  to  horizons  equivalent  with  that  of  the  Bradford  schist  or 
older;  i.  e.,  they  are  regarded  as  Trenton  or  pre-Trenton  in  age.  The 
overlying  phyllites — the  "Calciferous  mica-schist"  of  the  geological 
survey  of  Vermont — belong  to  the  Bradford  schist  proper.  While 
highly  metamorphic  and  greatly  deformed,  the  phyllites,  with  the 
interbodded  quartzitic  and  thin  limestone  bands,  show  an  apparent 

--Proc.  Am.  Assoc.  Adv.  Sci.,  Vol.  XLVU,  1888,  p.  896, 
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parallelism  between  schistosity  planes  and  stratification  planes. 
Beneath  this  series  is  a  conformable  group  of  schistose  rocks  con- 
sisting of  common  mica-gneisses,  epidote-gneisses,  amphibolites,  and 
crystalline  limestone. 

The  intrusions  are  of  later  date  than  the  last  great  period  of  rock 
folding  which  has  affected  the  Ascutney  region,  and  the  balance  of 
probability  makes  them  post-Carboniferous  and  pre-CretAceous  in 
age. 
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CHAPTER  III. 

CONTACT  METAMORPHISM. 

THE  METAMORPHIC  AUREOIiE. 

The  metamorphic  aureole  developed  about  the  stocks  is  worthy  of 
detailed  consideration.  As  one  approaches  the  contact  from  any  side 
of  the  mountain  he  speedily  not^s  plentiful  evidences  of  the  squeezing, 
crumpling,  and  fracturing  of  the  schists,  which  thus  have  a  more  com- 
plex structure  than  they  have  at  some  distance  away  from  the  massive 
rocks.  Especially  good  examples  of  this  may  be  seen  on  the  cleared 
spurs  on  the  southeast  side  of  Ascutney  Mountain  proper.  There,  as 
elsewhere,  further  proof  of  the  energetic  nature  of  the  intrusions  is  to 
be  found  in  the  numerous  apophyses  sent  into  the  bedded  series  and 
in  the  disruption  of  blocks,  great  and  small,  from  the  latter,  often 
forming  a  ** permeation  area"  in  the  eruptive  onasses;  but  the  pur- 
pose of  the  present  chapter  relates  not  so  much  to  the  dynamics  of 
the  metamorphic  action  as  to  the  mineralogical  changes  which  have 
taken  place  in  the  schists. 

The  heat  and  the  mineralizers  accompanying  the  intrusions  have  pro- 
duced alterations  which  are  most  important  in  the  phyllitesand  asso- 
ciated limestones.  On  account  of  the  well-known  mineralogical 
stability  of  the  gneisses  and  of  the  quartzitic  bands  the  metamorphic 
effects  upon  these  rocks  have  been  mechanical  rather  than  chemical 
or  mineralogical. 

The  breadth  of  the  aureole  is  not  great  in  any  part.  ,  Indisputable 
contact  metamorphism  has  not  anywhere  been  recognized  at  much 
over  GOO  feet  (183  meters)  from  the  contact,  and  may  often  be  dis- 
tinctly seen  no  more  than  300  feet  (91  meters)  away  from  the  same 
line.  In  the  phyllitic  series  the  metamorphic  belt  averages  about  500 
feet  (154  meters)  in  width,  and  that  irrespective  of  the  attitude  of  the 
schists  and  irrespective  of  the  stock  nearest  to  which  the  measure- 
ment is  made.  The  Main  syenite  stock  has  controlled  the  metamor- 
phic action,  although  the  Basic  stock  seems  to  have  slightly  intensified 
the  action  at  the  triple  contacts  of  syenite,  phyllite,  and  diorite.  It 
is  essentially  correct  to  speak  of  the  metamorphism  of  the  phyllites 
as  resident  in  one  aureole  produced  by  the  intrusion  of  the  Main 
stock. 

22 
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CHANGE8  IN  THE  t.IME8TONE8. 

The  interbedded  calcareous  layers  of  the  phyllitic  series  are  spe- 
cially sensitive  to  this  contact  transformation.  Two  different  rock 
types  result  from  the  alteration  of  the  fine-grained  bluish-gray  sili- 
ceous limestone,  which  is  composed  simply  of  calcite,  quartz,  and 
carbonaceous  matter  (spec.  114). 

The  first  of  these  phases  of  recrystallization  has  resulted  from  an 
abundant  replacement  of  the  calcite  by  epidote,  the  other  constituents 
remaining  unchanged.  This  variety  was  found  at  several  points  in 
the  aureole.  Of  the  occurrences  known,  that  farthest  removed  from 
the  syenite  lies  about  600  feet  (183  metei*s)  from  the  contact  at  the 
base  of  the  prominent  2,350-foot  spur  bearing  east  by  north  of  the 
summit.  A  very  similar  phase  was  discovered  only  3  feet  (0.9  meter) 
from  the  contact  at  the  Crystal  Cascade.  Here  scapolite  is  also  devel- 
oped and  rare  grains  of  titanite  and  brownish-gi*een  hornblende  are 
accessory  (spec.  100). 

The  second  phase  is  illustrated  in  a  specimen  from  a  field  just  west 
of  the  old  road  leading  up  to  the  quarries  in  the  granite.  The  ledge 
from  which  it  was  taken  is  450  feet  (137  meters)  from  the  contact  with 
that  intrusive.  Attention  was  first  called  to  it  by  the  very  noticeable 
roughness  of  the  weathered  surface,  which  betrayed  the  presence  of 
some  mineral  in  roundish  masses  more  resistant  to  the  weather  than 
the  other  constituents  (spec.  5).  The  fresh  specimen  is  light  gray, 
mottled  with  these  subcircular,  rather  darker-colored,  oily-looking 
areas  about  6  millimeters  in  diameter  and  at  an  average  distance  of 
1  to  2  centimeters  apart.  Under  the  microscope  the  areas  resolve 
themselves  into  irregular  aggregations  of  the  colorless  to  yellowish 
lime-garnet  (grossularite),  inclosing  large  amounts  of  calcite..  The 
occurrence  is  thus  similar  to  that  described  by  Harker  and  Marr  in 
the  metamorphose<l  limestone  of  the  Shap  Fell  region  in  England^ 
and  to  many  others  of  different  localities. 

The  garnet  never  shows  crystal  form,  nor,  except  in  rare  cases,  any 
distinct  cleavage.  The  usual  optical  anomalies  and  zonal  extinction 
are  present.  The  anisotropic  property  is  very  unevenly  distributed 
throughout  the  areas.  It  may  be  completely  absent  in  one  grain  and 
give  a  polarization  tint  like  that  of  zoisite  in  a  contiguous  individual. 
The  double  refraction  shows  that  in  sqme  instances  the  areas  are 
occupied  by  single  poikilitic  crystals  of  the  grossularite  as  shown  by 
the  uniform  extinction  on  revolving  the  section  between  crossed  nicols. 
The  same  test  would  seem  to  indicate  the  composite  character  of  other 
masses  which  are  aggregates  of  small  individuals.  The  only  other 
change  from  the  normal  limestone  is  the  complete  disappearance  of 
carbonaceous  matter.  Quartz  remains  in  relatively  high  proportion 
and  occurs  with  calcite  as  inclusions  in  the  garnet. 


a  Quart.  Jour.  Geol.  Soc.,  Vol.  XL VII,  1891,  p.  311. 
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METAMORPIIIHM  OF  TITE  PmnililTES. 

The  average  normal  phyllite  is,  as  we  have  seen,  considerably  more 
arenaceous  than  the  quartzitic  schist  analyzed  (see  Table  I,  p.  15). 
The  minerals  characterizing  the  rocks  resulting  from  the  alteration 
are,  as  a  rule,  those  which  might  be  expected  from  mere  recrystalliza- 
tion  of  the  original  constituents,  viz,  quartz,  sericite,  chlorite,  clayey 
matter,  iron  ores,  and  sulphides. 

There  is  no  definite  succession  of  zones  of  metamorphic  action, 
either  of  color,  structure,  or  mineral  aggregation,  as  in  the  classic 
region  of  Barr  Andlau.  The  macroscopic  changes  are  simple  and 
uniform  in  all  parts  of  the  aureole.  Quartz  veins  and  eyes  become 
more  numerous  as  the  contact  is  approached;  the  lamii  .tion  of  the 
schist  becomes,  at  the  same  time,  more  and  more  lost,  and  the  rock 
takes  on  an  increasingly  compact  and  indurated  look.  Yet  even  at 
the  contact  itself  the  presence  of  quartzose  laminae  in  the  original 
phyllite*  often  entails  a  partial  preservation  of  the  schistose  structure. 
Occasionally  obscure  spotted  and  knotted  areas  are  found,  but  they 
are  not  conspicuous  nor  are  they  arranged  in  any  fixed  order. 

The  general  mineralogical  changes  may  be  summarized  as  compris- 
ing a  progressive  disappearance  of  sericite,  quartz,  and  argillaceous 
subst^ince  and  a  corresponding  development  of  biotite,  red  garnet, 
cortlierite,  pleimaste,  corundum,  and  sillimanite.  These  new  minerals 
naturally  occur  most  abundantly  and  in  larger  crystals  near  the  con- 
tract than  farther  out  in  the  aureole.  In  tracing  these  changes,  the 
attempt  was  made  to  collect  specimens  along  the  strike,  thus  inviting, 
though,  on  account  of  the  variability  and  disturbed  character  of  the 
schist  and  because  of  the  lack  of  sufficient  out<;rops,  not  entirely 
securing,  the  maximum  of  certainty  as  to  just  how  great  has  been  the 
influence  of  this  local  metamorphism  on  lithological  units.  Three 
fairly  representative  sections  of  the  contact  zone  were  made  in  this 
way;  jK^rhapH  no  better  means  of  describing  the  phenomena  of  the 
zone  can  be  adopted  than  to  consider  each  of  the  sections  somewhat 
in  detail. 

SERIES  A  OF  SPECIMENS  FROM  THE  METAMORPHIC  AUREOLE. 

The  first  of  these  sections  in  the  aureole  is  noted  on  the  geological 
map  as  occurring  at  the  syenite  contact  on  the  north  side  of  the  moun- 
tain; the  set  of  specimens  collected  there  may  be  called  *' Series  A." 
For  ease  of  reference  each  of  the  following  paragraphs  relating  to  the 
description  of  the  specimens  is  preceded  by  a  number  indicating  the 
distance  from  the  contact  of  the  specimen  to  which  that  paragraph 
refers. 

500  feet  {1')^  meters). — Five  hundred  feet  from  the  contact  the  phyl- 
lite shows  some  crumpling  and  other  evidences  of  disturbances;  so 
far  as  known,  however,  no  new  mineral  has  been  developed  at  that 
distance. 
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JfiO  fest  {122  meters). — One  hundred  feet  nearer,  the  sericite  is 
largely  replaced  by  an  indeterminable  chloritic  substance,  but  it  is 
probable  that  this  phase  also  is  original. 

300  feet  {91  meters). — Somewhere  within  the  next  100  feet  measured 
toward  the  contact  there  is  a  comparatively  abrupt  appearance  of 
true  contact  minerals,  coupled  with  a  decided  loss  of  the  original 
fissility  of  the  rock  (spec.  129).  At  300  feet  from  the  syenite,  there 
is  a  partial  replacement  of  the  argillaceous  and  chloritic  material 
and  of  quartz  by  cordierite,  while  the  whole  rock  is  filled  with  a 
swarm  of  extremely  minute,  light-green,  isotropic  grains  with  high, 
single  refraction.  An  occasional  grain  of  epidote  lies  with  the 
iron  sulphides  (pyrite  and  probably  pyrrhotite)  in  the  planes  of 
schistosity,  which  are  still  to  be  seen,  both  macroscopically  and  in  the 
thin  section. 

260  feet  {77  msters), — Fifty  feet  nearer,  the  metamorphism  has 
affected  the  whole  rock.  Its  original  dark-gray  color  has  now  a  bluish 
cast  (spec.  128).  A  high  degree  of  induration  with  a  corresponding  loss 
of  lamination  and  an  increase  in  the  specific  gravity  are  characteristic. 
A  peculiar  feature  of  this  hand  specimen  is  the  presence  of  numer- 
ous roundish  and  isolated  areas  of  what  can  be  discerned,  even 
macroscopically,  t«o  be  granitic  aggregates  of  quartz,  feldspar,  and 
other  minerals  embedded  in  the  general  rock  matrix.  They  bear  a 
relation  to  the  transformed  schist  analogous  to  that  of  a  miarole  to 
its  igneous  host,  and,  for  lack  of  a  better  term,  they  may  be  called 
"pseudo-miaroles."  Microscopic  examination  shows  that  the  basis 
of  the  rock  is  now  cordierite  occurring  in  interlocking  individuals 
2  to  3  millimeters  in  diameter.  It  is  always  poikilitic  either  from 
the  mutual  intergrowth  of  several  crystals  of  its  own  substance 
or  from  the  swanns  of  mineral  inclusions  of  different  sorts  (the 
"sieve-structure"  of  Salomon).  Those  inclusions  are  the  same  as 
the  other  constituents  of  the  homfels,  viz,  numerous  small  shreds 
of  intensely  pleochroic  brown  biotite,  abundant,  irregular  grains  of 
deei)-green  spinel,  pyrite,  pyrrhotite,  ilmenite,  tourmaline  of  brown 
and  yellow  tones,  quartz,  and  minute  black,  probably  carbonaceous 
particles. 

These  various  inclusions  cloud  the  whole  thin  section  except  in  the 
more  quartzose  laminse,  which  are  doubtless  residual  from  the  origi- 
nal rock,  and  in  the  pseudo-miaroles.  They  are  also  lacking  in  the 
numerous  stringers  of  quartz  which  traverse  the  schist.  Probably 
the  recrystallization  of  the  schist  was  complete  before  the  quartz  was 
laid  down  in  the  veinules  and  the  pseudo-miaroles  were  filled  with 
their  granitic  contents.  The  latter  consists  of  the  minerals  charac- 
teristic of  the  adjacent  syenite — microperthite,  cryptoperthite,  quartz, 
brown  alkaline  hornblende,  and  rare  zircons.  With  them  is  often 
associated  a  pale-reddish  garnet  averaging  about  1  millimeter  in 
diameter.     The  quartz  is  so  abundant  as  to  give  the  hypidiomorphic- 


Digitized  by 


Google 


26  GEOLOGY   OP   AftCUTNKY   MOimTAlK,  VEBMONT.         (BULLm 

granular  aggregat<>  the  composition  of  a  true  granite.     These  x>seudo- 
miaroles  when  round  in  outline  measure  from  3  to  5  millimeters  in 
diameter;  when,  less  often,  they  are  elongated  in  the  section  they 
measure  from  5  to  10  millimeters  in  length.     They  are  not  connected 
with  one  another  or  with  distinct  apophysal  veins  from  the  syenite, 
but  are  completely  surrounded  by  the  cordieritic  matrix.     It  looks  as 
if  there  had  been  a  shrinkage  of  volume  in  the  schist  daring  its 
recr}"stallization  and  the  resulting  cavities  were  subsequently  filled 
with  the  granitic  substance  by  a  pneumatolytic  process.     We  have, 
whatever  be  the  explanation,  a  striking  case  of  feldspathization  of 
8c».hist  by  an  intrusive  granitic  rock  wherein  the  channels  of  approach 
of  the  feldspathic  material  were  of  submicroscopic  dimensions.     The 
deep-green  spinel  is  pleonaste,  which  is  now  of  increasing  importance 
as  we  go  toward  the  eruptive  rock.     It  was  this  mineral  that  war 
seen  at  the  300-foot  distance,  where  the  very  small  grains  were  inde- 
terminable.    Similar  fine  material  is  present  here,  but  it  grades  up 
into  larger  individuals  which  are  undoubtedly  pleonaste.     Here,  too, 
the  pleonaste  has  an  interesting  localized  distribution,  being  grouped 
in  roundish  clusters  composed  of   many  crystals.     In  one  case  the 
whole  of  one  well-marked  cluster  al)out  0.3  of  a  millimeter  in  diam- 
eter is  included  in  a  single  crystal  of  cord ie rite.      The  spinel   is 
usually  without  crystal  form  and  occurs  as  drop-like  IxKlies.     It  is 
worthy  of   note  that  not  only  in  this  ciise,  but  in  all  parts  of  the 
aui-eole,   pleonaste  and    the   metamorphic    biotite  are  in  reciprocal 
relation  to  each  other;  where  one  is  abundant  the  other,  relatively,  is 
rare.     This  fact  correlates  with  the  observation  of  Lacroix  that  spinel 
is  a  common  product  of  the  alteration  of  mica  in  inclusions  caught 
up  in  lavas,'*  and  with  our  own  observation  that,  close  to  the  contact, 
where  we  should  expect  the  more  stable  products  of  metamorphism, 
the  biotite  is  often  completely  replaced  by  pleonaste. 

W)  feet  {46  meters), — One  hundred  feet  nearer  the  contact  the  schist 
is  macroscopically  similar  to  the  rock  found  at  250  feet  in  its  compact- 
ness, lack  of  pronounced  schistosity,  and  bluish-gray  color,  but  lacks 
the  pseudo-miaroles  and  is  more  strongly  charged  with  the  red  garnet 
(spec.  127).  Mineralogically  the  most  important  difference  is  found  in 
the  entrance  of  corundum  as  a  new  metamorphic  constituent.  This 
occults  as  irregular  colorless  grains,  often  grouped  in  clusters  about 
ilmenite  in  the  form  of  a  mantle.  This  new  mineral  is  in  small  amount 
and  itns  description  may  be  deferred  for  better  occurrences  at  other 
localities.  Cordierite  again  composes  most  of  the  schist.  It  has  here, 
too,  the  pleochroic  halos  found  about  inclusions,  as  well  as  other  usual 
features.  Pleonaste,  with  a  clustering  habit,  is  comparatively  abun- 
dant, and  biotite  is  rare.  The  garnets  appear  in  large  individuals, 
showing  characteristic  cleavage  and  inclusions,  and  also  in  the  form  of 
well-crystallized  minute  do<lec^hedrons  without  inclusions  or  cleavage. 


«LeH  onrlaveH  deb  rofhes  volcaniquea,  Macon,  1893,  p.  509. 
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Many  of  the  larger  crystals  form  the  centers  of  eyes  and  are  then 
wrapped  about  by  mica  plates.  Generally,  however,  the  garnet  is  sur- 
rounded by  a  clear  zone  of  quartz  and  cordierite,  unaccompanied  by 
iron  compounds,  which  have  either  been  used  to  build  up  the  garnet 
or  are  included  in  zones  within  that  mineral.  Though  the  pseudo- 
miaroles  are  absent,  there  is  evidence  of  some  feldspathization  of  the 
schist.  Occasional  crystals  of  microperthite  may  be  discerned  in  the 
thin  section.  They  are  products  of  late  crystallization,  as  they  are 
intersertally  related  to  the  cordierite;  like  the  feldspars  of  the  pseudo- 
miaroles,  they  are  free  from  inclusions  of  pleonaste,  etc. 

100  feet  {31  meters.) — A  specimen  (No.  126)  taken  from  a  ledge  100 
feet  from  the  contact,  seems  in  several  respects  to  show  a  local  excep- 
tion to  the  general  effect  of  metamorphism  on  the  phyllites.  Biotite  is 
once  more  developed  inprof  usion,  while  pleonaste  is  quite  subordinate. 
Corundum  is  absent.  Cordierite  is  again  the  principal  constituent 
and  acts  as  host  to  the  pleonaste  clusters.  The  iron  sulphides  are 
conspicuous  in  the  hand  specimen.     Dr.  Hillebrand  remarks: 

On  boiling  the  powdered  rock  with  dilnte  hydrochloric  acid  considerable  H,S 
is  eyolved  and  snlphnr  is  set  free,  as  can  be  plainly  perceived  by  the  strong  smell  of 
volatilizing  snlphnr  accompanying  that  of  H^.  The  decomposition  begins  at  a 
moderate  heat.  After  a  time  the  evolution  of  the  H^  ceases  and  the  smell  of 
snlphnr  is  no  longer  noticeable,  and  there  is  then  fonnd  only  one-third  of  the  total 
snlphnr  left  in  the  residue,  presumably  wholly  as  pyrite.  The  rest  of  the  sulphide 
is  magnetic  and,  dissolving  readily  in  HCl  with  the  evolution  of  H^S,  may  be 
considered  as  quite  certainly  pyrrhotite. 

The  feldspar  is  much  increased  in  amount,  is  notably  microperthitic, 
and  occura  in  the  same  relations  as  in  the  last  specimen  described. 
For  the  first  time,  the  feldspar  shows  the  Carlsbad  twins  characteristic 
of  the  microperthite  of  the  syenites.  A  chemical  analysis  has  been 
made  of  this  phase  (Table  II,  col.  1).  As  a  whole  it  corresponds  to 
the  analysis  of  a  phyllite  rich  in  argillaceous  material.  The  soda  is 
to  be  ascribed  mainly  to  the  feldspar,  and  is  thus  believed  to  have 
been  introduced  by  hydrothermal  action.  On  the  supposition  that  all 
the  sulphide  exists  as  pyrite,  the  proportions  of  the  iron  compounds 
would  be — 

Per  cent. 

Pe,0,...- 0.08 

PeO ---- 6.41 

FeS,.. - --  0.58 

If  two-thirds  of  the  sulphide  is  pyrrhotite,  these  compounds  should 
be  recalculated  to  the  following  proportions: 

Per  cent. 

Fe^O, 0.30 

FeO - 6.00 

FeS, - - -.-  0.19 

Fe,S8 - 0.53 
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The  latter  proportionB  are,  for  the  reason  already  noted,  believed 
to  be  more  nearly  correct  and  are  accordingly  entered  in  the  total 
analysis.  The  carbon  x>ercentaf^e  is  extremely  variable,  correspond- 
ing to  the  irr^^lar  distribution  of  the  coaly  matter  in  the  schist.  One 
independent  determination  gave  0.03  per  cent  carbon  instead  of  0.40 
per  cent,  afi  found  for  the  rock  fragment  analyssed  completely.  Two 
analyses  of  t)rpical  oordierite-mica-hornfels  from  southern  Carinthia 
(Table  II,  cols.  3  and  4),  show  a  rather  strong  similarity  to  that  of  the 
Ascutney  rock. 

60  feet  (15.5  meters). — Fifty  feet  from  the  contact  a  specimen  (Xo. 
126)  was  collected  that  showed  a  reversion  to  the  normal  sequence  of 
the  mineral  occurrences  as  the  contact  is  approached.  The  pleonaste 
once  more  largely  supplants  the  biotite  and  is,  in  fact,  more  abundant 
than  ever.  It  clouds  the  whole  of  the  thin  section,  though  there  is  a 
tendency  toward  a  grouping  along  planes  apparently  representing  the 
original  schistosity.  Corundum  and  tourmaline,  like  the  biotite, 
occur  but  sparingly.  The  schist  is  strongly  impregnated  with  small 
quartz  veins  and  with  lenses  1  to  2  millimeters  in  tliickness,  composed 
of  quartz,  microperthite,  and  brown  biotite.  The  evidence  is  not  so 
clear  as  in  the  case  of  the  pseudo-raiaroles  that  these  granite  lenses 
are  not  actually  connected  with  one  another  and  with  the  stock  rock, 
but  it  is  highly  probable  that  both  types  of  the  granitic  aggregates 
are  to  be  referred  to  the  same  pneumatolytic  origin. 

£5  feet  (8  m^'/ers).— rHalfway  to  the  contact  the  rock  is  still  the 
massive  dark  bluish-gray  heavy  hornfels,  hardly  to  be  distinguished 
in  the  hand  specimen  from  the  altered  schist  collected  from  the  200 
or  more  feet  of  section  over  which  we  have  just  passed  (spec.  124). 
A  notable  difference  from  the  hornfels  at  50  feet  consists  in  the 
abundance  of  corundum,  which  is  even  more  plentiful  than  the  pleo- 
naste.  Cordierite  is  here  again  the  chief  constituent.  While  it  pre- 
sents the  usual  poikilitic  interlocking  habit,  it  sometimes  has  definite 
crystal  form,  with  the  common  hexagonal  sections  from  the  base  and 
rectangular  sections  from  the  prism.  Biotite  is  an  accessory,  but 
tourmaline  has  disappeared  and  does  not  reappear  between  this  point 
and  the  syenite.  Microperthite  occurs  in  intersertal  contact  with  the 
cordierite,  but  is  only  a  rather  rare  accessory.  Besides  ilmenite  or 
titaniferous  magnetite,  the  iron  compounds  include  both  pyrite  and 
pyrrhotite.  The  test  for  the  occurrence  of  the  latter  mineral  and  the 
method  of  its  detennination  in  amount  are  the  same  as  has  been  out- 
lined above.  The  strong  basicity  of  the  hornfels  is  noteworthy,  as 
well  as  the  high  content  of  alumina.  The  latter  easily  explains  the 
richness  of  the  rock  in  corundum**  (see  Table  II,  col.  2). 

a  Of  J.  Morossewicz,  Erponmentelle  Untersachongen  tlber  die  Bildung  der  Mmerale  im  Ma^ma: 
TBcher.  Mm  und  Petrog.  Mitth.,  Vul.  XVIII,  ibtti.  p.  57. 
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Table  II. — Analyses  of  cordierite-Jiomf els. 


SiO, ..-!      58.35 

0.87 
21.30 
0.30 
6.00 
2.10 
0.85 
1.60 
5.63 
«0.86 
0.31 


TiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H3O  above  110°  C. 
H,0  below  llO''  C. 


I 


CO, I      None. 


PA 

SO« 

a 

F 

FeS, 

Fe^Ss 

NiO,  CoO 

MnO 

BaO 

SrO 

Li,0 

CnO 

C 


0=F.a- 

TotalS-- 
Sp.gr... 


0.18 

None. 
0.03 

Undet. 
0.19 
0.53 
0.03 
0.18 
0.05 

Trace. 
Strong  tr. 

Trace. 

ft0.40 


99.71 


0.31 
2.673 


45.30 
1.48 

30.51 
0.24 
8.80 
3.11 
0.90 
1.65 
4.84 

''1.05 
0.26 

Trace? 
0.12 
0.04 
0.04 
0.04 
0.36 
0.96 
0.02 
0.20 
0.03 

Trace. 

Strong  tr. 

? 

C0A7 


100.12 
0.02 


100.10 
0.19 
2.835 


55.68 

21.91 
2.63 
6.90 
8.57 
0.89 
1.01 
6.34 

«1.41 


100.84 


56.88 

20.86 
2.66 
4.54 
8.15 
1.29 
0.91 
7.49 

«2.86 


100.14 


a  Loss  on  ignition.  * 

b  Another  sample  gave  0.08  per  cent  carbon  and  no  OOj. 

c  Another  sample  gave  0.06  per  cent  carbon  and  0.04  per  cent  OOj. 

1.  Cordierite-biotite-microperthite-homfels,  a  phase  of  the  exomorphic  zone 
100  feet  (31  meters)  from  the  contact,  north  side,  Ascntney  Monntain;  analysis  by 
Hillebrand. 

2.  Cordierite-comndnm-pleonaste-honifels,  taken  from  the  same  cross  section 
of  the  exomorphic  zone  as  No.  1,  25  feet  (8  meters)  from  the  contact;  analysis  oy 
Hillebrand. 

8.  Cordierite-biotite-orthoclase-homfels,  Schaida,  S.  Garinthia;  analysis  by 
Graber,  Jahrb.  der  K.-k.  geol.  Reichsanst.,  1897.  Vol.  XLVII,  p.  290. 

4.  Cordiente-biotite-plagioclase-homfels,  M.  Doja,  S.  Garinthia:  analysis  by 
Von  Zeynek.    See  Graber,  ibid.,  p.  290. 
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6  feet  and  1  foot  {1.8  meters  and  0,3  meter). — ^A  specimen  taken  at  a 
point  6  feet  from  the  contact  (spec.  123),  and  another  taken  from  a 
point  only  1  foot  from  it  (spec.  122),  are  very  similar  to  each  other 
and  to  the  phase  just  described.  There  is,  however,  a  decrease  in 
corundum  and  an  increase  in  pleonaste,  which  now  possesses  perfect 
crystal  form.  The  octahedra  are  excellently  developed,  and  are 
furthermore  interesting,  as  they  show  the  octahedral  cleavage,  which 
is  seldom  seen  in  rock-forming  occurrences.  •  The  clustering  habit  of 
the  pleonaste  is  strongly  marked  in  both  specimens.  Corundum  often 
appears  as  a  core,  about  which  the  concentration  of  pleonaste  took 
place.  In  other  cases,  the  grouping  is  wholly  in  quartz  cr^'^tals  in  a 
manner  similar  to  that  already  noted  for  the  clusters  in  cordierite. 

This  study  of  the  cross  section  of  the  aureole  may  be  summarized 
in  tabular  form  as  follows; 

Sumnmry  of  cross  section  of  series  A  of  metamorphtc  aureole. 


Distance  from 
the  contact 

Feet. 

Meter: 

600 

183 

500 

154 

400 

122 

300 

91 

250 

77 

25 


6     j     1.8 

and       and 

1  0.3 


Compound  name  of  aareole  phase, 
showing  its  essential  constitation. 


Unaltered  argillaceous  phyllite. 

The  same,  crmnpled 

Cnunpled  chloritic  phyllite 

Cordierite-qnartz-homf els j 


AooesBory  and  snbordinate  mineral 
constitaentB. 


150 

46 

100 

31 

50 

15.5 

77     Pseudo  -  miarolitic  cordieri^ 

biotite-quartz-microperthite- 

homfels. 
Cordierite  -  garnet  -  pleonaste- 

qnartz-homfels. 
CJordierite  -  biotite  -  microperth- 

ite-homfels. 
Cordierite  -  pleonaste  -  micro- 

perthite-homfels. 


8  '  Cordierite-conmdum-pleonaste- 
homfels. 

ICordierite-pleonaste-comndum- 
I      homfels. 


Pyrite,  pyrrhotite  (?),  ilmenite, 
carbonaceous  matter. 
Do. 
Do. 

Biotite,  pleonaste,  epidote,  pyr- 
rhotite, pyrite,  ilmenite,  car- 
bon. 

Pyrite,  pyrrhotite,  ilmenite,  car- 
bon, tourmaline,  garnet,  horn- 
blende, zircon. 

Pyrite,  pyrrhotite,  corundum,  il- 
menite, carbon. 

Pyrite,  pyrrhotite,  pleonaste. 
carbon  (graphite  ?) ,  Umenite. 

Pyrrhotite,  pyrite,  biotite,  ilme- 
nite, carbon  (graphite  ?) ,  tour- 
maline. 

Biotite,  microperthite,  pyrrho- 
tite, pyrite,  ilmenite,  carbon. 

Do. 
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SERIES  B   OF   SPECIMENS    FROM    THE   METAMORPHIC  AUREOLE. 

A  second  suite  of  specimens  was  collected  from  a  section  across  the 
metamorphosed  belt  just  south  of  Brownsville.  The  aureole  is  here 
at  least  600  feet  wide,  the  relatively  greater  breadth  being  probably 
due  to  the  proximity  of  the  diorite  as  well  as  the  syenite.  The  effects 
produced  by  the  intrusives  are  practically  the  same  as  in  Series  A. 

6(X>  feet  {183  metsrs), — Six  hundred  feet  from  the  contact  along  the 
sti'ike  and  500  feet  across  it  (spec.  136),  garnets,  tourmaline,  corundum, 
and  a  little  cordierite  are  already  found  in  the  phyllite,  which,  in  its 
unaltered  phase,  is  more  quartzose  than  in  Series  A.  The  quartz 
preserves  much  of  its  original  importance;  it  is  charged  to  a  I'emark- 
able  degree  with  liquid  inclusions,  often  containing  gas  bubbles. 
Biotite  is  present,  and  is  also  doubtless  inherited  from  the  original 
schist.  Rare  epidote  is  accessor>^  No  feldspar  is  recognizable.  Cer- 
tain colorless  grains  with  high  single  and  low  double  refraction  have 
the  appearance  of  andalusite,  but  its  presence  could  not  be  proved 
on  account  of  the  small  size  of  the  individuals. 

300  feet  (dl  meters). — ^Three  hundred  feet  from  the  contact  pleonaste 
appears  as  small  disseminated  grains  for  the  first  time  (spec.  135). 

100  feet  {31  meters). — One  hundred  feet  from  the  contact  the  schis- 
tose structure  is  no  longer  visible  macroscopically,  though  it  appears 
in  the  thin  section  (spec.  134).  The  biotite  assumes  a  concretionary 
rather  than  a  plane-parallel  arrangement.  The  increased  importance 
of  cordierite  and  the  entrance  of  a  few  needles  of  sillimanite  are  the 
other  chief  points  of  difference  from  the  last  locality. 

Jt5  feet  {14.  meters). — At  45  feet  pleonaste  and  corundum  are  quite 
prominent,  both  in  abundance  and  in  size  of  the  individuals  (spec. 
133).  Sillimanite  increases  in  quantity.  Andalusite  is,  as  before, 
doubtfully  present. 

15  feet  {5  meters). — At  15  feet,  tourmaline  is  added  to  the  list  of 
essentials  (spec.  132).  The  pleonaste  has  two  types  of  aggregation. 
Besides  appearing  on  the  familiar  clusters,  it  accumulates  in  long 
strings,  which  reach  2  millimeters  or  more  in  length  and  have  a  uni- 
form breadth  of  about  0.1  millimeter,  reminding  one  of  the  linear 
development  of  chlorite  in  the  classic  desmosite  (PI.  Ill,  A).  This 
second  kind  of  aggregation  does  not  seem  to  have  ^ny  fixed  relation 
to  single  individuals  of  other  constituents,  and  the  masses  of  pleonaste 
pierce  the  rock  in  all  directions.  Again,  this  mineral  is  inclosed  by 
the  cordierite  in  a  way  not  observed  elsewhere  in  the  aureole.  Numer- 
ous rectangular  grains  of  spinel  may  be  arranged  with  their  longer 
axes  parallel  to  the  chief  axis  of  the  cordierite  host.  Idiomorphic 
cordierite  also  incloses  prisms  of  tourmaline  with  a  similar  orienta- 
tion. Corundum  is  first  seen  here  to  assume  a  crystal  form.  Silli- 
manite is  a  common  accessory. 

5  feet  {1.6  meters). — A  specimen  (No.  131)  taken  only  5  feet  from  the 
contact  shows  a  rarity  of  metamorphio  minerals  which  can  only  be 
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PLATE    III. 

A,  Homfels  containing  abundant  pleonaste  (black,  of  high  relief)  and  coron- 
dnm  (white,  of  high  relief)  in  a  matrix  composed  chiefly  of  cprdierite  (a  charac- 
teristic linear  aggregate  of  pleonaste  is  conspicuous) :  ordinary  light,  X  12.  (See 
p.  89.)  Comi>are  with  PI.  IT,  A  and  B,  illustrating  the  same  phyUite  from  which 
this  homfels  has  been  produced  by  contact  metamorphism. 

B.  Thin  section  of  quartz-bearing  homblende-biotite  diorite,  showing  an  apatite 
crystal  inclosing  a  core  of  brown  glass;  ordinary  light,  X  50. 

32 


Digitized  by 


Google 


U.  S.  GEOLOGICAL  SURVEY  BULLETIN  NO.  209,  PL.  Ill 


(A) 


(B) 

Digitized  by  CjOOQlC 


Digitized  by 


Google 


DALY.J  COMPARISON   OF   METAMOBPHIC   EFFECTS.  33 

explained  as  characterizing  a  phase  of  the  schist  which  was  originally 
less  richly  charged  with  the  argillaceous  material  that  has  elsewhere 
yielded,  under  the  raetamorphic  process,  the  minerals  above  mentioned. 
The  schistose  structure  is  reverted  to;  garnet,  pleonaste,  corundum, 
and  tourmaline  are  present,  but  are  very  subordinate  and  confined  to 
the  structure  planes.  Intersertal  microperthite  forms  an  accessory 
it  shows  occasionally  the  Carlsbad  twinning. 

At  the  contact  there  is  the  same  relative  poverty  in  metamorphic 
products  and  probably  for  a  similar  reason  to  that  adduced  for  the 
last  phase  (spec.  130).  The  rock  is  a  compact  mass  of  quartz,  chlori- 
tized  biotite,  and  pleonaste,  with  ilmenite,  tourmaline,  cordierite,  and 
corundum  as  accessories. 

SERIES  C  OF   SPECIMENS    FROM    THE    METAMORPHIC    AUREOLE. 

A  third  suite  of  specimens  illustrating  the  contact  zone  was  col- 
lected on  the  south  side  of  the  mountain.  The  phenomena  are  essen- 
tially similar  to  those  in  Series  A.  It  would  be  unprofitable  to  give  a 
detailed  description  of  them,  as  it  would  be  in  the  nature  of  repetition. 
The  perfection  of  the  crystallization  of  corundum  is,  however,  worthy 
of  special  note.  Within  the  belt  10  feet  (3  meters)  or  more,  measured 
out  from  the  contact,  it  is  an  abundant  essential  constituent  of  the 
rock.  Both  basal  and  prismatic  sections  of  the  idiombrphic  and  gran- 
ular crystals  exhibit  cores  of  vivid  blue  in  the  otherwise  colorless  min- 
eral. Each  of  these  cores  is  oriented  with  the  longer  axis  parallel  to  the 
chief  axis  of  the  corundum  individual.  Rotated  over  the  polarizer 
alone,  the  basal  section  shows  no  change  of  color;  in  other  sections 
a  striking  pleochroism,  from  deep  blue  to  colorless,  is  characteristic. 

COMPARISON  OF  THE  METAMORPHIC  EFFECTS. 

The  constant  nature  of  the  metamorphism  is  indicated  not  only  by 
the  correspondence  of  these  three  series  of  specimens,  but  also  by 
many  specimens  collected  from  points  isolated  in  the  contact  zone  and 
not  connected  in  the  serial  arrangement  of  a  cross  section.  Wherever 
the  comparison  could  be  fairly  instituted,  the  alteration  of  the  phyl- 
litic  rocks  was  seen  to  be  of  the  same  character,  whether  produced  by 
syenite,  granite,  or  gabbro-diorite.  It  is  another  illustration  of  a  now 
familiar  fact — that  so  widely  divergent  intrusive  types  as  granite, 
syenite,  diorite,  diabases,  and  peridotite  may  form  similar  types  of 
hornfels." 

The  general  order  of  the  metamorphic  effects  to  be  observed  as  one 
approaches  the  contact  may  be  stated  as  follows: 

At  500  feet  or  less  from  the  contact  there  begins  to  be  apparent  a 
distinct  loss  of  schistosity  in  the  phyllite.  The  rock  gainsin  massive- 
ness  and  in  specific  gravity.     The  extent  of  these  changes,  as  of  all 


aCf.  Lacroix,  Ck>mpte8  ReDdas,  18  f^yr.,  1805. 
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the  others,  is  manifestly  eontrolled  by  the  nature  of  the  particular 
phyllitie  band  studitMl.  The  dominant  mineralogical  essential  of  the 
aureole  is  cortlierit^e,  which  appears  suddenly  and  abundantly  in  the 
outer  part  of  the  aureole.  Second  in  importance  to  that  mineral  is 
pleonaste,  assuming  greater  quantitative  importance  and  greater  size 
and  perfection  of  crystal  form  in  itvS  individuals  as  the  contract  is 
neared.  Metamorphic  biotite  is  likewise  abundant.  Its  increase 
means,  as  a  rule,  a  decrease  of  pleonaste  in  that  particular  phase. 
Corundum  l>ehaves  like  the  spinel  in  its  progressive  development 
toward  the  contact,  but  apjK^ars  later  in  the  section.  Sillimanite  is 
confiiie<l  to  the  inner  part  of  the  z<me,  but  is  never  abundant.  Gamet^, 
tourmaline,  and  andalusite  (?)  are  sjioradic,  appearing  and  disappear- 
ing irn^gularly  in  the  crt)ss  section,  though  more  likely  to  appear  at 
it«  inner  extremity. 

Feldspathization  characterizes  the  aureole  as  far,  at  least,  as  3(>0 
feet  (Ul  meters)  from  the  intrusive.  It  is  highly  probable,  however, 
from  the  evideniv  of  the  horn f els  analyses  and  of  the  microscopic 
examination,  that  the  transfer  of  material  from  the  stock  magmas  to 
their  country  nK»k  is  but  sulwrdinate  in  quantity.  The  mere  heat  of 
the  intrusion  would  doubtless  have  betm  suflBcient  tK>  produce  some 
of  the  more  imiK)rtant  new  minerals.  Conlierite  and  spinel  in  abun- 
dance have  lKH»n  formed  in  coal-l>earing  mica-slates  (schists)  through 
the  melting  up  of  the  slates  during  the  combustion  of  the  coal.'' 
These  minerals  havi^  also  l>een  observed  to  l)e  the  result  of  the  altera- 
tion of  the  micaceous  inclusions  caught  up  by  volcanic  flows.  The 
question  as  to  just  how  much  material  has  Ikh^u  added  to  the  schists, 
either  as  alkaline  silicate  or  in  other  form,  can,  however,  not  be  satis- 
factorily and  finally  dis(*ussed  until  the  same  phyllitie  band  has  been 
followed  across  the  aureole  and  analyses  Ikh^u  made  from  that  band 
where  it  is  unaltered  as  well  as  where  it  has  been  strongly  metamor- 
phosed. So  far  it  has  proved  appai^ently  impossible  to  follow  any  one 
band  across  thi^  whoU^  zone.  The  only  analysis  yet  made  of  the  unal- 
tered schist  relat(\s  to  a  quartzitic  phase  outcropping  at  a  distance 
from  the  mountain  (s(h^  Table  I).  If  all  the  soda  and  potash  in  even 
that  phase  were  to  enter  into  the  proper  combinations  with  the  alumina 
and  silica  as  much  as  ten  per  cent  or  thereabouts  of  alkaline  feldspar 
would  n^sult.  The  belief  that  feldspathization  has  really  occurred 
would  thus  be  moi-e  strongly  upheld  by  the  peculiar  nature  of  the 
actual  microperthitie  intergrowth,  so  similar  in  ever}'  respect  with  the 
feldspar  of  the  adjacent  syenite,  and  by  the  nonoccurrence  of  that 
intergrowth  In  the  phyllite  outside  the  aureole,  rather  than  by  the  evi- 
dence derived  from  the  analysis  of  an  unaltered  phyllite  more  argil- 
laceous than  the  quartzitic  phase. 

A  list  of  the  metamorphic  constituents  of  the  aureole,  arranged  in 
the  relative  order  of  abundance  as  nearly  as  may  be  by  mere  inspection 
of  thin  sections,  may  complete  this  brief  summary. 


fl  Lacroix,  Les  enclavos  dee  roches  volcaniqaos,  Macon,  1888,  p.  677. 

Digitized  by  CjOOQ IC 


DALY]  SUMMARY    OF   METAMORPHIC    EFFECTS.  35 

Ldst  of  rnetamorphic  constituents  of  the  aureole. 

In  thb  limbstones. 
Epidote. 
GroBsnlarite. 
Scapolite. 
Hornblende. 
Titanite. 

In  thb  PHYLIilTKS. 

Cordierite. 

Biotite. 

Pleonaste. 

Corundum. 

Lime-iron  garnet. 

Sillimanite. 

Pyrrhotite. 

Pyrite. 

Tourmaline. 

Andalusite  (?). 

Graphite  (?). 


Microperthite 

Quartz 

Brown  hornblende 

Biotite 


Introduced  sub- 
stance of  the  "pseu- 
do-miaroles '  *  and 
intersertal  areas. 


There  are  strong  resemblances  between  this  list  and  those  made 
out  by  G.  II.  Williams  at  the  Cruger's  section  (diorites  of  the  Cort- 
landt  series  metamorphosing  biotite-muscovite  schists),^  and  by  Teller 
and  Von  John  in  the  Tyrol  (norites  and  diorites  cutting  phyllites  and 
gneisses).* 

SUMMARY. 

The  schists  display  unequal  effects  of  contact  metamorphism  where 
they  lie  in  contact  with  the  intrusive  bodies.  As  was  to  be  expected, 
the  gneisses  are  much  the  more  stable  and  exhibit  little  mineralogical 
change  even  close  to  the  eruptive  contacts,  but  the  abundant  argil- 
lacous  material  of  the  phyllites  has  been  extensively  recrystallized 
into  a  well-defined  zone  of  hornfels.  Cordierite,  pleonaste,  biotite, 
garnet,  corundum,  and  epidote  form  the  chief  secondary  minerals  thus 
developed.  The  limestone  bands  have  richly  yielded  grossularite  and 
epidote  in  the  same  contact  zone.  Repeated  occurrences  of  intersti- 
tial microperthitic  feldspar  lead  to  the  conclusion  that,  during  the 
intrusion  of  the  syenites  and  granite,  feldspathization  of  the  phyllitic 
country  rock  has  taken  place. 

a  Am.  Jour.  Scl.,  3d  series.  Vol.  XXXVL  1888,  p.  254. 

ft Jahrbach  E.-k.  geol.  Reichsanstalt,  Vol.  XXXII,  1882,  pp.  655  and  ff. 
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CHAPTER    IV. 

THE  ERUPTIVE  ROCKS. 

N       GENlUlAIi  TABLE  AND  (JORREI^TION. 

It  was  thus  into  a  series  of  tilted  metamorphosed  sediments  that  the 
irruptions  with  which  we  are  here  particularly  ooncemed  began  (see 
PL  VII).  The  variety,  as  well  as  the  relative  ages  of  the  resulting 
rock  botlies,  is  indicated  in  the  accompanying  table,  which  gives  a  sum- 
mary statement  of  the  succession,  from  the  oldest  to  the  youngest 
intrusive: 

Table  m. — Rock  bodies  resulting  from  the  irruptions, 
(Prom  oldest  to  yonngeet.) 

A.  Basic  8t<x;k  of  five  chief  phases,  viz: 

a.  Angite-gahbro. 

b.  Homblende-biotite-angite-gabbro. 

c.  Biotite-homblende-diorite, 

d.  Biotit^augite-bomblende-diorite. 

e.  Orthoclase-microperthite-bearinghomblende-biotite-diorite  (containing 

basic  st^gregations)  =  acid  essexite. 
This  sttxjk  is  cut  by — 

1.  Reticulate  intrusions  (forming  intrusion-breccias)  of  angite-biotite-diorite 

with  and  without  essential  hornblende. 

2.  Dikes  of  **  windsorite,"  the  alkaline  equivalent  of  granodiorite. 

3.  Nordmarkite  porphyry  stock-like  dike  of  Little  Ascutney  (bearing  basic 

segregations  and  cut  by  Nos.  6  and  7). 

4.  Main  stock  (B)  of  Ascutney  Mountain  and  its  apophyses. 

5.  Pulaski te  (quartzless  biotite-nordmarkite)  stock  of  Pierson  Peak. 

6.  Homblende-paisanite  dike  (cut  by  camptonites). 

7.  Camptonite  dikes. 

8.  Dialiase  diKes  (?). 

B.  Main  8t<x"k  of  Ascutney  Mountain,  of  four  chief  phases,  viz: 

f.  Homblende-biotite-nordmarkite  of  granitic  structure  (bearing  basic 

segregations) . 

g.  Homblende-biotite-augite-nordmarkite  of  porphyritic  structure  (bear- 

ing basic  segregations), 
h.  Alkaline  granites  without  essential  bisilicates. 
i.  Monzonite. 
This  stock  is  cut  by — 

9.  Hornblende  paisanite  dikes. 

10.  Camptonite  dikes. 

11.  Diabase  dikes. 

12.  Common  muscovite  aplite. 

13.  Stock  C. 

C.  Stock  of  alkaline  biotite-granite  (bearing  basic  segre^tions) . 
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A  general  correlation  of  these  intrusives  in  terms  of  eruptive  periods 
and  composition  may  be  made  in  the  form  of  a  second  table: 

First  eruptive  period      -  " ^  <«' ^' ^' ^'/U  Gabbrodioritic  magina.a 

Second  eruptive  period 1  and  2  ) 

Third  eruptive  period...... "^  <^' ^' ^' ^>' ^  *^^  ^  Uyenitic magma. 

Fourth  eruptive  period 6  and  9  ) 

Fifth  eruptive  period C  and  12  Granitic  magma  and  aplite. 

Sixth  eruptive  period 7  and  10,  8  and  11  Lamprophyres. 

The  reference  of  the  individual  intrusives  to  the  different  magmas 
or  their  derivatives  is  indisputable  except  in  the  case  of  No.  2,  which 
is  intermediate  both  in  composition  and  in  geological  age  between  the 
Basic  stock  and  the  Main  syenite  stock.  The  reference  to  the  differ- 
ent eruptive  periods  as  stated  in  the  table  is  to  some  extent  arbitrary. 
The  stocks  A,  B,  and  C  certainly  followed  one  another  in  the  order 
named.  As  the  map  shows,  the  conduit  through  which  the  substan- 
tial contributions  to  the  whole  mass  were  made  migrated  from  west 
to  east.  The  intimate  field  relations  of  A,  1  and  2,  seem  to  show  that 
all  three  antedate  the  syenites.  Nos.  1  and  2  cut  A  and  are  probably 
older  than  B  or  its  equivalent.  Nos.  3  and  5  are  correlated  with  B 
on  the  ground  of  close  mineraloglcal  and  structural  similarity;  they 
are  clearly  older  than  Nos.  6  and  9,  which  were  probably  not  strictly 
contemi)oraneous.  Though  stock  C  also  cuts  B,  it  is  probably  not 
contemporaneous  with  No.  6  or  No.  9.  It  is  probable,  though  not 
proved,  that  stock  B  is  older  than  the  lamprophyres,  which  are  cer- 
tainly younger  than  all  the  syenitic  intrusions. 

In  all  the  stocks  and  in  many  dikes  of  the  area,  nodular  masses  of 
segregational  basic  materials  occur.  They  are  most  common  in  the 
syenites,  less  so  in  the  alkaline  granite  stock,  and  comparatively  rare 
in  the  diorities.  These  nodules  were  early  noted  and  described  by 
Edward  Hitchcock  and  others,  and  remarked  for  their  extreme  abun- 
dance. They  will  be  treated  of  in  some  detail  in  the  following  pages 
in  connection  with  the  petrographical  description  of  their  parent 
rocks. 

It  will  be  seen  that  among  the  petrographical  methods  employed, 
those  for  the  determination  of  the  feldspars  have  been  in  the  most 
constant  requisition.  In  order  to  avoid  repetition  and  a  certain  degree 
of  monotony  in  the  description,  the  actual  readings  on  which  the 
determinations  of  the  various  species  have  been  based  are,  as  a  rule, 
not  given  in  the  text.  In  general,  several  independent  methods  have 
been  used  for  each  determination.  Examples  of  these  are  noted  in  the 
discussion  of  the  rocks  composing  the  largest  stocks  examined.  In 
the  compound  names  of  some  of  the  rock  types,  as  well  as  in  the  tables 
of  mineraloglcal  composition,  the  mineral  constituents  are  entered  in 
the  order  of  decreasing  importance  in  their  respective  rocks. 

a  A  magma  intermediate  in  average  (*ompoBition  between  gabbro  and  dioHte.    The  adjective 
is  not  derived  from  the  term  '*  gabbro-diorite,"  as  used  by  G.  H.  Williams  or  by  TOmebohm. 
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GABBROS,  l>H>RITErt,  AXD  RELATED  ROCK8. 
BASIC  STOCK;  OABBRO  AND  DIORITE  PHASES. 

The  oldest  of  the  intmsives  illustrates  the  common  characteristic 
of  basic  stocks  in  exhibiting  considerable  variation  of  composition, 
structure,  color,  and  texture  in  its  rock  t^'pes.  A  large  number  of 
thin  sections  were  made  from  specimens  collected  in  all  parts  of  the 
stmk.  They  show  that  its  material  occurs  in  the  form  of  five  differ- 
ent phases,  rei)eatedly  occurring  in  more  or  less  typical  form,  and 
connecte<l  with  one  another  by  transitions.  All  five  seem  to  have  been 
differentiat4Ml  from  the  product  of  a  single  intrusion.  That  we  have 
here  to  do  with  an  eruptive  of  a  truly  exotic  nature  is  abundantly 
piove<l  at  almost  any  point  of  the  schist  contact.  Both  to  the  north 
and  to  the  south  of  Little  Ascutney  excellent  examples  of  intrusive 
dikes  and  sills,  plainly  apophysal  fvova  the  massive  rock,  are  to  be 
found  cutting  the  gneisses.  The  horses  of  schistose  rock  are  so  abun- 
dant at  many  contacts  as  to  make  up  veritable  flow  breccias,  and  frag- 
ments are  oceasionall}'  found  several  hundred  yards  from  the  contact 

Phase  (1  is  the  one  rock  type  from  the  Basic  stock  which  has  been 
chemically  analyzed.  It  is  somewhat  more  acid  than  the  average 
tyi)e,  but  it  was  selecte<l  on  account  of  its  relative  freshness.  The 
si)ecinion  analyze<l  (Table  IV,  col.  1)  was  taken  from  some  blasted 
ledges  alK)ut  100  yards  north  of  Mr.  Pierson's  house,  on  the  notch  road 
lK»t  ween  the  two  Ascutneys.  It  is  a  fairly  coarse-grained  dark  bluish- 
gray  quartz-diorite  of  typical  hypidiomorphic  granular  structure,  in 
which  the  essential  dark-colored  silicates  are  biotite  and  a  diopsidic 
augite  with  sulK)rdinate  brown  hornblende  (spec.  35). 

The  feldspar  of  the  rock  is  almost  always  multiple-twinned,  follow- 
ing the  alhite  law,  more  rarely  the  pericline  law.  The  very  common 
association  of  albite  and  Carlsbad  twinning  in  the  slide  makes  it  pos- 
sible to  dt*t.€»rmine  the  feldspar  with  a  high  degree  of  accuracy.  In 
a<ldition,  B<H»ke's  method  of  differential  single  refraction,  the  reading 
of  extinctions  on  cleavage  pieces  and  on  sections  cut  parallel  to 
the  bissectrices,  and  the  principle  of  equal  illumination  in  the  zoned 
individuals  agreed  well  in  establishing  the  average  mixture  of  the 
s<Kla  and  lime  molecules  as  one  slightly  more  acid  than  the  basic  oli- 
gfM-lase,  Abj  An,.  Yet  single  individuals  may  vary  from  the  acid 
oligoclase  Ab^  An,  to  bytownite  Ab,  An^.  Zoned  crystals  are  com- 
mon. The  cores  range  from  Ab,  An4  to  Abg  An,,  with  an  average  close 
to  the  andesine  Ab^  Aug,  while  the  outer  zones  seem  to  be  invariably 
more  acid,  with  an  upper  limit  at  the  acid  oligoclase  Ab4  Auj. 

The  tolerably  high  peicentage  of  potash  in  the  analysis  leads  one  to 
suspect  a  potash  feldspar,  but  diligent  search  has  so  far  failed  to 
establish  the  presence  of  either  orthoclase  or  microcline.  The  refrac- 
tion of  the  rare  untwinned  individuals  was  carefully  compared  in  a 
numbei  of  slides  with  the  refraction  of  (juartz  and  undoubted  plagio- 
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clase,  and  showed,  often  with  the  corroboration  of  convergent  light, 
that  these  untwinned  individuals  are  likewise  soda-lime  feldspars 
averaging  basic  oligoclase.  The  determination  of  orthoclase  in  the 
rock  powder  is  impossible  because  the  basic  oligoclases  and  acid 
andesines  occur  in  such  profusion.  ITie  potash  of  the  analysis  must, 
then,  be  referred  primarily  to  the  biotite,  and,  in  a  notable  degree,  to 
isomorphic  mixture  with  the  soda-lime  feldspar.  That  there  must  be 
some  potash  outside  of  the  biotite  is  not  to  be  doubted,  for,  granting 
the  high  propgrtion  of  10  per  cent  of  potash  in  the  biotite,  and  credit- 
ing that  mineral  with  all  the  oxide,  there  must  be  at  least  23.4  per 
cent  biotite  in  the  rock.  Inspection  shows  that  even  that  minimum 
proportion  of  the  mica  is  not  represented,  although  it  is  next  the  feld- 
spar in  abundance.  It  has  the  usual  proi)erties  of  biotite  from  normal 
granitic  rocks — powerful  pleochroism  and  absorption  in  brown  and 
yellow  tones,  extremely  small  optical  angle,  and  parallel  extinction. 

The  augite  is  crystallized  both  alone  and  in  the  fomi  of  intergrowths 
with  hornblende.  In  both  cases  the  habit  of  the  mineral  is  that  of 
common  diopsidic,  colorless  to  pale  greenish,  allotriomorphic  indi- 
viduals from  1  to  5  millimeters  in  diameter.  A  third  cleavage  parallel 
to  (100)  occurs  in  a  few  sections.  Twinning  parallel  to  (001)  is  not 
rare.  Pleochroism  is  absent.  The  alteration  is  largely  confined  to 
chlpritization,  but  paramorphic  changes  to  a  uralitic  amphibole  are 
common. 

The  brown  hornblende  almost  invariably  forms  intergrowths,  either 
irregular  or  oriented  in  parallel  fashion  with  augite.  In  all  cases  the 
mineral  is  doubtless  primary.     The  pleochroism  is  as  follows: 

a.  Pale  grayish  yellow. 

b.  Greenish  brown  with  a  tinge  of  olive  (medium  absorption). 
c  Brown  (medium  to  strong  absorption). 

c>b>a. 

The  prismatic  angle  is  55°  32'  (average  of  measurements  on  eight 
cleavage  pieces).  The  extinction  on  (110)  is  about  12""  30',  and  on 
(010)  about  15°.  It  is  seen  that  the  mineral  belongs  to  a  common 
variety  of  amphil)ole. 

Quartz  forms  allotriomorphic,  cementing  grains  which  represent 
the  last  stage  in  the  crystallization  of  the  rock.  It  is  never  present 
in  large  amount.  Gas  and  liquid  inclusions,  often  simulating  nega- 
tive crystals  in  form,  are  common,  particularly  in  the  coarser-grained 
specimens  of  the  rock. 

Apatite  needles  and  larger  crystals  are  abundant.  A  characteris- 
tic feature  of  this  accessory  is  the  common  inclusion,  in  the  foi'm  of 
elongated  cores,  of  isotropic,  probably  glass,  bodies  of  a  deep-brown 
color  (PI.  111,5.) 

I  Imenite  or  titan  if erous  magnetite  and  primary  titan  ite  with  weak 
pleochroism  are  important  accessories.  Large  zircon  crystals  and 
occasional  grains  of  pyrite  complete  the  list  of  accessories. 

The  structure  is  hydiomorphie-granular.      The  feldspar  is  often 
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idiomorphic  against  both  augite  and  quartz.  The  biotite  is  always 
idiomorphio  against  quartz,  rarely  against  feldspar,  and  may  inclose 
all  the  other  constituents  in  poikilitic  fashion.  The  augite  is  usually 
intersertal  with  reference  to  the  feldspar  and  incloses  all  the  accesso- 
ries. The  sequence  of  crystallization  appears  to  have  been  (in  order 
from  the  oldest  to  the  youngest  mineral)  as  follows: 

Apatite. 

Titanite,  zircon  and  ilmenite. 

Feldspar.  | 

Angite  (and  hornblende). [    Nearly  contemporaneous. 

Biotite.  J 

Qnartz. 

The  composition  of  the  biotite,  augite,  and  hornblende  not  being 
known,  it  is  not  possible  to  calculate  the  analyBis.  The  analysis 
agrees  with  the  microscopic  examination  in  placing  this  rock  decid- 
edly in  the  class  of  true  diorites,  as  a  hwiits-augite-horrMende-dioriie, 
For  ease  of  reference,  columns  2  and  3  are  entered  in  Table  IV  in 
order  to  show  the  similarity  between  our  rock  and  a  fair  average 
diorite  and  also  the  limits  of  chemical  variation  which  can  be  found 
in  a  list  of  typical  analyses  from  that  rock  group.  From  its  field 
associations  one  might  expect  the  Basic  stock  to  have  given  a  higher 
proportion  of  alkalies  in  its  average  phase.  For  this  reason  column 
4  has  been  added  to  point  the  dissimilarity  between  the  Ascutney 
rock  and  essexite,  the  alkaline  type  nearest  to  it  in  general  habit. 
The  absence  of  monoclinic  feldspar  and  of  olivine  among  the  con- 
stituents, and  the  relatively  low  proportion  of  soda  and  of  ferric  iron 
compared  to  the  essexite,  serve  to  dispel  the  a  priori  notion  that  the 
alkaline  stocks  on  the  east  should  be  accompanied,  in  their  common 
conduit,  by  an  intrusive  of  essexitic  or  allied  alkaline  habit  if  that 
intrusive  were  to  be  a  plagioclase  rock  of  basic  character. 

Phase  c. — A  second  phase  intimately  allied  to  the  first,  both  in  field 
relations  and  lithological  characters,  is  represented  in  a  long  series  of 
outcrops  lying  southeast  of  Mr.  Pierson's  house  on  the  Notch  road. 
Two  specimens  of  the  brownish-gray,  medium-grained  rock  were 
selected  at  a  point  500  yards  distant  from  the  house,  and  proved  to 
be  a  normal  hiotUe-hornblende'diorite,  with  structure  and  accessories 
similar  to  those  in  phase  d  (spec  32).  The  feldspars  generally  show 
two  zones  of  growth;  the  cores  average  a  labradorite  between  Ab^  Auj 
and  Abj  Ang,  the  narrower  mantling  zone  averaging  the  oligoclase  Ab^ 
An,.  The  average  soda-lime  feldspar  is  probably  close  to  that  of  the 
analyzed  phase.  The  chief  difference  from  the  latter  i*ock  lies  in  the 
replacement  of  the  augite  by  an  idiomorphic  brown  hornblende  of 
much  deeper  absorption  than  that  characterizing  the  intergrown  horn- 
blende of  phase  d.  Here  the  scheme  of  absorption  is:  a.  Yellow,  hi 
Deep  brown,  with  a  suggestion  of  olive-green,  c  Deep  chestnut- 
brown.     c>b>aorc  =  b>a. 

One  or  two  large  subidiomorphic  individuals  of  nearly  colorless 


Digitized  by 


Google 


1>ALY.1 


l^HASEd   OP  THfi   BASIC  STOCK. 


41 


augite  have  been  found  in  the  slides.  In  each  case  a  broad  mantle  of 
the  deep-brown  hornblende  surrounds  the  augite  in  parallel  inter- 
growth.  The  biotite  is  of  the  same  nature  as  in  phase  d,  but  much 
less  abundant  and  seldom  poikilitic. 

Table  IV. — Arialyses  of  diorites  aiid  essexite. 


SiO, 62.13 

AljO,  I      16.35 


Fe,Os 

PeO 

MgO.     

CaO 

Na,0 

K,0 

H,0  above  110"  C, 
H,0  below  110^  C. 

CO, 

TiO, 

ZrO, 

PA 

a - 

F 

FeS, 

NiO,CoO 

MnO 

BaO -- 

SrO 

Li-O 


o=p,  a 


Total  S. 
Sp.ffT.. 


8.68 
6.03 
4.14 
7.25 
8.65 
2.34 
0.88 
0.25 
0.07 
2.10 
0.02 
0.89 
0.09 
0.03 
0.24 

Trace. 
0.17 
0.04 

Trace? 

Trace. 


100.38 
0.03 


100.30 
0.18 
2.936 


56.52 
16.81 
4.28 
6.92 
4.82 
6.94 
8.48 
1.44 

1.08 


0.25 
0.40 


0.14 


8. 


52.00-62.80 
12.41-18.00 
0.77-  7.42 
2.41-12.84 
2.02-  8.03 
4.99-8.98 
2.31-  4.65 
0.44-  2.37 

0.16-2.24 


0.03-  1.10 
0.17-  1.06 


100.98 


47.94 
17.44 
6.84 
6.51 
2.02 
7.47 
5.63 
2.79 

2.04 


0.20 
1.04 


99.92 


1 .  Biotite-auKite-homblende-diorite,  Basic  stock,  Ascatney  Monntain.   Analysis 
by  Hillebrand. 

2.  Average  of  a  series  of  16  typical  diorites,  compiled  by  Br5gger,  Die  Eruptiv- 
gesteine  des  Cbristianiagebietes,  Vol.  II,  1895,  p.  37. 

3.  Limits  of  variation  in  the  above-mentioned  16  analyses. 

4.  Classic  essexite,  Salem  Neck,  Salem,  Mass.    Analysis  by  Dittrich. 

PJuxse  6. — At  various  points  in  the  stock,  especially  west  and  south 
of  Pieraon  Peak  and  near  the  crest  of  Little  Ascutne}^  ndgo  (spec.  61), 
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the  rock  becomes  coarser  than  in  either  of  the  two  phases  just 
described  and  shows  a  distinct  difference  of  composition  from  either. 
At  the  same  time,  repeated  examination  of  ledes  in  the  field  could 
discover  no  difference  of  age  among  the  three.  This  third  phase  is 
dark  coloi-ed  and  remarkable  for  its  richness  in  bisilicates,  which 
have  a  strong  poikilitic  habit.  Augite  and  biotite  of  the  general  char- 
acter of  those  minerals  in  phase  rf,  and  large  independent  crystals 
with  augite  intergrowths  of  brown  hornblende  similar  to  that  in  phase  c, 
are  the  essential  dark-colored  constituents.  The  biotite  has,  how- 
ever, an  optical  angle  considerably  greater  than  elsewhere  observed 
in  the  8to(»k;  it  was  measured  and  found  to  be  a  few  minutes  more 
than  l)^ 

A  long  series  of  feldspar  determinations  accorded  with  one's  first 
impression  of  the  rock  in  studying  the  hand  specimen,  that  it  belongs 
to  a  phase  much  more  basic  than  c  and  rf.  The  prevalence  and  large 
size  of  the  Carlsbad  albite  twins  and  the  uniform  behavior  of  the 
feldspar  enables  us  to  state  conclusively  that  the  average  feldspar  in 
this  phase  is  close  to  basic  labradorite,  AbgAng,  with  a  narrow  range 
alH)ve  and  below  the  acidity  of  that  mixture.  Primary  quartz  is 
ent irely  absent.  Nearly  colorless  titanitrC  is  especially  abundant,  both 
alone  and  surrounding  the  large  ilmenites  after  the  manner  of 
leueoxene. 

The  basicity  of  this  phase  unquestionably  places  it  among  the  gab- 
bros,  and  it  may  be  called  a  Jiorriblende'biofite'aiigife'gabbro,  not- 
withstanding the  absence  of  true  diallage  among  the  constituents.** 
It  probably  rivals  phase  d  in  the  amount  of  surface  covered  in  the 
stock. 

Phase  a  — In  the  fields  west-southwest  of  Pierson  Peak  a  fourth 
variant  of  the  rock  outcrops  in  the  form  of  an  unusually  coarse- 
grained type  (spec.  112).  It  is  more  feldspathic  than  phase  h  and 
hence  of  a  lighter  color.  Biotite  and  hornblende  have  almost  com- 
pletely disapiK^ared,  the  former  being  a  rare  accessory,  the  latter 
forming  occasionally  a  mantle  about  augite.  The  light  reddish-brown 
feldspar  is  again  very  uniform  and  averages  the  basic  labradorite, 
AbjAn3.  The  usual  aec<»ssories  are  present  excepting  quartz.  The 
structure  is  the  hypidiomorphic  granular,  but  on  account  of  theinter- 
sertal  relation  of  the  augite  to  the  feldspar,  it  assumes  the  special 
habit  of  diabase.  The  poikilitic  nature  of  the  augit;e  is  very  striking. 
The  phase  has  the  composition  and  other  characters  of  a  tj*pical 
diabase  excepting  in  its  geological  occurrence.  It  may  be  called  an 
anyite-gnbbro,  though  diallage  is  here,  too,  wanting. 

Pluuse  €. — Penally,  a  fifth  phase  remains  to  be  noted,  which  is  not 
important  on  account  of  the  amount  of  area  covered  by  it  in  the  stock 
a&  a  whole,  but  which  merits  particular  attention  on  account  of  its 


«  We  cau  not  but  agree  with  Judd  (Quart.  Jour.  Qeol.  Soc,  Vol  XLII,1886)  and  Lacroiz  (BtilL 
9kr\  cartt  ?eol  France,  No.  67,  Vol  X,  18C9.  p.  27)  in  regarding  it  as  indifferent,  for  purposes 
of  nomenclature ,  whether  the  pyroxene  of  a  gabbro  possess  the  diallagic  structure  or  not. 
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forming  a  transitional  rock  type  between  the  true  gabbros  and  dio- 
rites  on  the  one  hand  and  the  alkaline  rocks  of  the  region  on  the 
other.  This  phase  was  discovered  just  north  of  the  contact  between 
the  stock  and  the  great  syenitiC-iwrphyry  dike  of  Little  Ascutney, 
and  opposite  the  middle  of  that  dike.  The  rock  is  fairly  fresh  and 
tolerably  coarse  grained,  and  is  rich  in  feldspar,  brown  hornblende, 
and  biotite  (spec.  59).  Augite  forms  in  a  few  rare  instances  small 
cores  of  hornblende  intergrowths.  The  accessories  common  to  all  the 
phases  are  present,  and,  in  addition,  some  free  interstitial  quartz. 
But  the  feldspars  are  in  great  contrast  to  those  so  far  noted  as  occur- 
ring in  the  stock.  Plagioclase,  averaging  near  the  andesine  AbjAug 
is  dominant;  oligoclase  ranging  between  AbgAuj  and  AbgAn,  is  com- 
mon. The  plagioclase  is  sometimes  surrounded  by  a  mantle  of  ori- 
ented microperthite.  What  is  still  more  noteworthy  is  the  existence 
of  much  free  orthoclase  and  microperthite  alongside  the  triclinic 
feldspar.     The  order  of  crystallization  is  as  follows: 

Apatite. 

Titanite,  zircon,  and  ilmenite. 

Augite,  hornblende,  and  biotite. 

Oligoclase-andesine. 

Orthoclase  and  microperthite. 

Qnartz. 

The  structure  of  the  rock  is  the  usual  hypidiomorphic  granular. 
Its  true  relation  to  the  diorites  is  indicated  if  we  call  it  an  orthoclase- 
microperthitS' bearing  hornblende- biotite -dioHte,  Yet  the  rock  is 
clearly  allied  to  a  somewhat  acid  form  of  essexite. 

BASIC   SEGREGATIONS. 

In  phase  e,  at  the  locality  indicated,  basic  segregations  were  spar- 
ingly found  (spec. 59a).  These  are  of  distinctly  darker  color  than  the 
parent  rock,  and  both  macroscopically  and  microscopically  are  seen 
to  be  finer  grained.  They  are  roundish  in  form  and  average  about  1 
inch  (2. 0  mm. )  in  diameter.  The  boundary  between  nodule  and  parent 
rock  is  not  definite ;  they  merge  into  each  other  in  a  gradual  way.  The 
nodules  are  essentially  composed  of  plagioclase,  hornblende,  and  bio- 
tite grouped  with  a  panallotriomorphic  structure.  The  feldspar  is 
zoned;  the  most  acid  zone  is  the  oligoclase,  Ab^An,,  and  the  average 
feldspar  is  near  labradorite,  Ab, An,.  No  certain  orthoclase  or  micro- 
perthitic  feldspar  could  be  identified  in  the  slide.  The  dark  constit- 
uents have  the  usual  properties  of  those  minerals  m  this  stock.  The 
augite  is  more  abundant  here  than  in  the  parent  rock,  though  again 
generally  it  occurs  in  the  form  of  intergrowths  with  the  hornblende. 
Zircon  is  very  rare,  but  apatite  unusually  abundant.  A  little  inter- 
stitial quartz  is  accessory. 
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Tablk  V. — AnalpHs  (by  HUlfbrand)  of  hornblende-bioiite^iorite  nodule. 

Percent. 

SiO, 55.28 

A1,0, 17.23 

Fe,0, ...  1.54 

FeO : 6.23 

MgO 2.«9 

CaO 5.60 

Na,0 5.42 

K,0 2.12 

H,0  above  IIC^C 0.71 

H,0  below  110°  C 0.20 

CO, 0.04 

TiO, 1.64 

ZrO, -.-  Trace. 

PA 0.73 

a 0.07 

F- 0.28 

FeS, 0.07 

MnO 0.24 

BaO 0.06 

SrO  Faint  trace. 

LijO Trace. 

100.15 
0=F,a 0.13 

100.02 

Totals 0.038 

Sp.  RT 2.822 

The  analysis  of  one  of  these  nodules  agrees  with  the  microscopic 
diagnosis  (except  in  the  matter  of  stracture)  in  placing  it  in  classi- 
fication among  the  homblende-biotite-diorites  (Table  V).  The  high 
soda  relates  the  nodule  to  essexite.  It  is  more  basic  than  its  host, 
though  more  acid  than  the  diorite  analyzed  (phase  rf.)  The  high 
fluorine  is  again  noteworthy. 

DIORITIC  DIKES  CUTTING  THE  BASIC  STOCK. 

Following  the  consolidation  of  the  Basic  stock  the  same  magma 
which  it  represents  seems  to  have  been  erupted  a  second  time,  and  as  a 
result  we  have  networks  of  interlacing  dikes  in  various  parts  of  the 
stock.  These  are  oftentimes  so  numerous  as  to  give  the  bare  ledges 
the  appearance  of  mosaics  on  a  large  scale.  Occasionally  the  younger 
intrusive  has  so  extensively  displaced  the  older  as  to  form  miniature 
stock-like  bodies  sending  out  apophyses  into  the  coarser  rock  and 
inclosing  horses  of  the  latter.  The  mosaics  are  thus  intrusion-brec- 
cias or  flow-breccias.  The  younger  intrusives  cut  with  apparent 
indifference  both  the  gabbroitic  and  the  dioritic  phases  of  the  stock. 

In  color,  mineralogical  and  chemical  composition,  and  even  in 


Digitized  by 


Google 


DALY]  DIKES   CUTTLNG    THE   BASIC   STOCK.  45 

structure,  the  dikes  are  closely  allied  to  the  diorite  analyzed.  In 
the  fields  southeast  of  Pierson  Peak  both  the  younger  and  older 
rocks  are  augite-biotite-hornblende-diorites  (spec.  147).  Within  a 
hundred  yards  a  second  network  of  dikes  is  characterized  by  the  com- 
plete absence  of  hornblende  and  by  a  remarkably  perfect  zonal  struc- 
ture in  its  feldspar  (spec.  146a).  The  gi*eat  range  in  acidity  of  these 
feldspars  was  not  found  equaled  in  any  other  rock  of  the  whole  region. 
By  the  method  of  equal  illumination,  checked  by  the  behavior  of  each 
zone  in  convergent  light,  it  could  be  proved  that  the  core  of  such  a 
feldspar  may  be  a  true  anorthite.  Outside  the  core  basic  labradorite 
near  AbjAiij  is  succeeded  by  a  third  zone  of  oligoclase  near  AbjAn,, 
and  outside  of  all  there  comes  a  narrow  zone  of  the  albite  Abi2Anj.  The 
average  of  several  determinations  on  Carlsbad  albite  twins  gave  basic 
oligoclase,  Ab2Ani,  as  the  average  feldspar  of  the  rock.  The  usual 
accessories  are  present.  This  rock  is  a  typical  augite-biotite'diorite. 
A  very  similar  type  occurs  in  the  form  of  a  series  of  parallel  dikes 
on  the  northern  slope  of  Little  Ascutney  and  at  its  eastern  end  (spec. 
184).  Here  a  significant  amount  of  orthoclase  was  discovered  among 
the  accessories.  In  immediate  association  with  the  first  group  of 
reticulate  dikes  mentioned,  another  group  of  a  lighter  color  but  of 
similar  structure  showed  in  the  microscopic  examination  a  still  greater 
proportion  of  orthoclase,  which  is  accompanied  by  microperthite.  The 
bulk  of  the  feldspar  is  still,  however,  near  the  basic  oligoclase  AbjAUi. 
Biotite  is  the  only  other  essential.  Augite  fails  and  brown  hornblende 
is  a  rare  accessory.  The  tyi)e  may  be  called  a  bwiite-diorite  bearing 
accessory  orthoclase  and  microperthite. 

"WINDSORITE"  DIKES  CUTTING  THE  BASIC  STOCK. 

Potash-feldspar  finally  becomes  of  nearly  equal  importance  among 
the  essential  minerals  of  these  rocks  in  a  set  of  light-colored,  pinkish- 
gray  dikes  1  to  3  feet  (0. 3  m.  to  0. 9  m. )  in  width ;  traversing  the  stock  in 
the  notch  just  northeast  of  the  eastern  end  of  Little  Ascutney  (spec. 
77),  and  again  on  the  notch. road  near  Mr.  Pierson's  house.  The 
dikes  at  the  former  locality  seem  to  have  been  cut  off  by  the  porphyry 
occurring  on  Little  Ascutney.  The  plagioclase  varies  from  andesine, 
AbgAug,  to  oligoclase,  AbgAnj,  the  average  mixture  being  probably 
basic  oligoclase,  AbjAn,.  The  triclinic  feldspar  is  often  surrounded 
by  mantles  of  orthoclase  or  microi)erthite.  Orthoclase,  microperthite, 
and,  probably,  soda  orthoclase,  especially  the  first  two  named,  are  the 
alkaline  feldspars,  the  abundance  of  which  is  reflected  in  the  chemical 
analysis  of  this  rock  type  (Table  VI,  column  1).«  Shreds,  irregular 
plates,  and,  rarely,  idiomorphic  crystals  of  biotite  represent  the  only 
other  essential.     Rare  grains  of  augite  and  still  rarer  bleached  indi- 

a  Through  a  mistake,  a  fragment  of  diorite  from  the  younger  dikes  was  included  in  the  sample 
of  this  rock  sent  to  Washington  for  analysis.  This  nnfortnnate  fact  explains  the  difference 
between  column  E  (the  vitiated  analyaiB)  and  column  L  on  page  69  of  Bulletin  148  and  on  page 
9(»  of  Bulletin  168  of  thi?  Surrey. 
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viduals  of  hornblende  with  ilmenite,  apatite,  zircon,  and  (doubtfully) 
titanite,  compose  the  list  of  accessories.  I^yrite  developed  secondarily 
on  the  joint  planes  explains  the  sulphide  of  the  analysis.  The  mica 
must  l)e  rich  in  magnesia  and  is  probably  a  meroxene.  Quartz  occurs 
interstitially  in  comparatively  large  amount.  The  bisilicale  and  biotite 
exhibit  a  great  amount  of  magmatic  resorption,  and  it  is  therefore 
difficult  to  l)e  certain  of  the  order  of  crystallization.  It  is  probably 
as  follows: 

Apatite. 

Zircon. 

Xlmenite  and  titanite. 

Biotite,  augite,  and  hornblende 

Andesine  and  oligoclase. 

Microperthite»  orthoclase,  and  soda  orthoclase. 

Quartz. 

No  analysis  of  the  mica  has  been  made.  On  account  of  its  small 
amount  in  the  rock,  no  serious  error  in  the  calculation  of  the  other 
and  more  important  essentials  will  be  made  if  we  assume  that  in  the 
biotite  there  is  20  per  cent  MgO,  40  per  cent  SiO,,  and  8  per  cent  KjO. 
On  this  supposition,  the  quantitative  mineralogical  composition  of  the 
rock  was  calculated  as  follows: 

Mineralogical  compoftition  of  windjtorife. 

Per  cent. 

Albite  molecule 38. 5 

Orthoclase  molecule    28. 5 

Anorthite  molecule 11.5 

Quartz 13. 0 

Biotite 5. 0 

Magnetite  and  ilmenite 3. 5 

Diopside,  apatite,  and  zircon 1.0 

If  the  average  plagiochise  =  AbgAnj,  the  rock  contains  34.5  per  cent 
soda-lime  feldspar  and  44  per  cent  alkali  feldspar. 
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Table  VI. — Analyses  of  windsorite  and  other  rocks. 


I 


5. 


SiO, I    64.62 

AlgO, ,     16.46 


I 


Fe,0, 

FeO 

MgO... 

CaO 

Na,0 

KaO 

H,0  above  110' C. 
H,0  below  110"  C 

CO,- 

TIO, 

ZrO, 

P.O. 

a 


MnO 

BaO. 
SrO,.. 

Li^O 

CnO  

Remainder - 


1.82 
2.14 
1.10 
2.39 
4.57 
5.21 
0.39 
0.13 
0.11 
0.81 
0.03 
0.21 
0.05 
0.19 
0.12 
0.03 

Trace. 

Trai;e. 

Trace. 


67. 14 

65.00 

59.00-68.50 

15.37 

16.00 

14.00-17.00 

2.24 

1.50 

1.50-  2.25 

1.93 

3.00 

1.50-  4.50 

1.36 

2.00 

1.00-  2.50 

3.60 

5.00 

8.00-  6,50 

3.29 

8.50 

2.50-  4.50 

4.06 

2.25 

1.00-  3.50 

0.59 

0.07 

65.65 
16.84 

4  01 

0.13 
2.47 
5.04 
5.27 

0.30 


o=F,a 


100.38 
0.01 


0.35 


1.75 


100.00  I  100.00 


99.71 


I  100.37 

Totals 0.10 

Sp.gi- 2.666 


1.  Dike  of  windsorite,  Little  Ascntney  Motmtain;  analysis  by  Hillebrand. 

2.  Average  of  two  typical  (inartz-monzonites,  from  the  Sierra  Nevada.  Tnmer, 
Jonr.  Geol.,  Vol.  VII,  1899,  p.  152. 

3.  Average  composition  of  granodiorite,  according  to  Lindgren.  Seventeenth 
Ann.  Kept.  U.  S.  Geol.  Survey,  Pt.  II,  1896,  p.  35. 

4.  Limits  of  variation  in  granodiorite,  according  to  Lindgren.    Ibid.,  p.  35. 

5.  Alkaline  angite-homblende-syenite  (nordmarkite),  Diana,  New  York;  ana- 
lyzed by  C.  H.  Smyth,  Bull.  Geol.  Soc.  Am.,  Vol.  VI,  1895,  p.  274. 

Table  VI  represents  type  analyses  of  related  rocks.  Of  these  and 
of  the  Ascutney  dike  the  essential  mineralogieal  composition  is  as 
follows : 

1.  Basic  oligoclase,  microperthite,  orthoclase,  quartz,  biotite. 

2.  Oligoclase,  quartz,  orthoclase,  biotite,  amphibole. 
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8.  Oligoclase-andesine  (Tisnally  andesine),  quartz,  orthoclase,  biotite,  gmen  horn- 
blende. 
5.  Hicropertbite,  albite,  angite«  hornblende. 

This  rock  belongs  to  another  type  intermediate  between  the  ortho- 
clase  rocks  and  the  plagioclase  rocks.  It  is  almost  identical  in  chem- 
ical composition  with  certain  nordmarkites  (cf.  col.  5),  bat  the  Ume 
is  practically  all  in  the  highly  important  essential,  basic  oligoclase. 
This  character  definitively  removes  the  rock  from  the  nordmarkites. 
We  can  not,  on  account  of  the  high  alkalies  and  relatively  low  lime, 
place  it  in  the  groap  of  the  granodiorites  (cf.  cols.  3  and  4),  nor,  for 
the  same  reason,  in  the  group  of  the  quartz-monzonites  (cf.  col.  2), 
though  in  general  the  affinities  are  stronger  with  the  last-named  group 
than  with  any  other  already  well-defined  type.  The  soda  and  the 
combined  alkalies  are  too  high  to  characterize  a  normal  lime-alkali 
quartz-syenite.  The  rock  is,  in  reality,  a  leukocratic  analogue  of  the 
quartz-monzonites  in  which  augite  is  replaced  by  biotite.  It  may  also 
be  considered  as  the  alkaline  equivalent  of  granodiorite.  Standing  in 
a  class  by  itself,  both  with  respect  to  the  other  Ascutney  intrusives 
and  'with  respect  to  the  types  now  recognized  in  our  rock  classifica- 
tions, the  name  Windsor ite  is  proposed  for  the  rock  in  order  to  fix  this 
type  and  to  facilitate  reference  to  it.  The  name  is  taken  from  that 
of  the  neighboring  town  northeast  of  the  main  mountain.  Windsor- 
ite  may  be  defined  as  a  leukocratic,  hypidiomorpTiic-granular  rock, 
composed  essentially  of  alkaline  feldspar  (microperthite  and  ortho- 
clase),  basic  oligoclase,  quartz,  and  biotite,  and  characterized  by  high 
alkalies  (potash  slightly  in  excess  of  the  soda),  relatively  low  lime 
(contained  essentially  in  the  plagioclase),  low  iron,  and  low  magnesia. 

SYENITES. 

The  Basic  stock  is  cut  by  several  large  independent  bodies  of  syenitic 
habit.  Their  rocks  are  so  similar  in  compositon  that,  as  in  the  case  of 
the  dioritic  rocks,  a  detailed  petrographical  description  of  a  chief 
phase  in  one  of  the  bodies  will  suffice  to  illustrate  the  larger  part  of 
what  may  be  said  in  description  of  the  other  phases  and  related  intru- 
sives.    In  this  way  some  repetition  may  be  avoided. 

MAIN  SYENITE  STOCK;  ITS  PHASES. 

As  we  have  already  seen.  Mount  Ascutney  owes  its  strong  relief 
to  the  largest  intrusive  mass  in  the  area  discussed — the  Main  syenite 
stock  covering  about  4  square  miles  (10. 5  square  kilometers).  The  intru- 
sive character  of  the  rock  is  plainly  indicated  at  almost  any  part  of  the 
contacts  with  the  diorites,  gneisses,  or  phyllites  (see  PL  VI).  The  walls 
of  the  conduit  appear  to  be  usually  nearly  vertical,  inasmuch  as  the  line 
of  contact  in  all  but  two  or  three  cases  runs  straight  across  the  radiat- 
ing gulches  and  does  not  turn  up  or  down  the  corresponding  brook 
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beds.  The  latter  rule  is  departed  from  at  three  of  the  largest  ravines  in 
the  mountain.  At  Crystal  Cascade  the  schists  stand  vertical  or  dip  at 
high  angles  to  the  east-northeast.  They  form  a  blunt  projection  into 
the  igneous  body,  and,  on  account  of  their  relative  softness,  the  strong 
gulch  below  the  cascade  has  been  worn  out.  The  actual  surface  of 
contact  between  schist  and  syenite  is  exposed  for  a  vertical  distance  of 
100  feet.  That  sample  contact  is  nearly  vertical.  A  second  deep 
ravine,  1  mile  east  of  the  cascade,  may  be  explained  as  located  on 
a  similar  broad  tongue  of  schist  less  resistant  to  the  weather  than  the 
syenite  to  right  and  left  of  the  ravine.  At  only  one  point  does  the  sur- 
face of  contact  seem  to  depart  from  verticality,  namely,  at  the  pictur- 
esque ravine  south  of  Brownsville.  There  the  schists  dip  under  the 
syenite  as  if  the  latter  had,  during  intrusion,  followed  the  planes  of 
schistosity  after  the  manner  of  a  sill  or  laccolith.  But  this  observa- 
tion stands  alone,  and  such  a  structural  relation  must  be  regarded  as 
exceptional  and  very  local. 

The  syenite  showed  a  general  independence  of  the  structure  of  the 
invaded  rocks  as  it  found  its  way  up  from  its  deep-lying  source.  Both 
to  north  and  to  south  of  the  mountain  the  schists  strike  steadily  toward 
the  stock.  They  are  not  essentially  displaced  from  their  original  tilted 
X)osition,  except  as  a  result  of  some  relatively  slight  crumpling  in 
the  contact  zone,  but  are  cut  squarely  off  by  the  syenite.  This  is  true 
at  the  eastern  contact  as  well.  At  several  points  the  contact  plane 
was  observed  to  cut  across  the  structural  plane  of  the  phyllites.  If, 
however,  the  intrusion  had  been  controlled  by  the  latter,  we  should 
expect  the  surface  of  contact  to  dip  eastward  and  the  zone  of  meta- 
morphic  change  in  the  schists  to  be  broader  there,  at  the  eastern  end, 
than  elsewhere.     The  facts  do  not  agree  with  either  conclusion. 

The  syenite  thus  constitutes  a  pipe-like  stock  of  roundish  outline, 
the  cylindrical  form  being  modified  by  a  few  large  projections  of 
schist  in  place  and  by  the  irregular  stock  of  the  younger  Ascutney- 
ville  granite. 

A  notable  characteristic  of  the  Main  stock,  as  of  the  older  one, 
is  the  variability  of  the  rocks  composing  it.  Though  they  are  every- 
where related  to  the  group  of  the  alkaline  syenites,  they  exhibit 
imx)ortant  mineralogical,  chemical,  and  structural  differences.  Four 
chief  types  of  the  variations  in  color,  grain,  structure,  proportion  of 
dark-colored  to  light-colored  constituents,  and  the  distribution  of. 
inclosed  basic  segregations,  are  to  be  distinguished.  In  the  field  the 
transition  of  these  types  into  one  another  is  so  complete  that  they 
must  be  regarded  as  the  differentiated  product  of  one  body  of  magma. 
As  yet  there  is  no  certain  observation  forthcoming  to  show  that  there 
was  more  than  one  eruptive  period  for  all  four,  even  in  the  sense  of 
the  intimately  associated  diorite  and  reticulate  dikes  of  the  Basic 
stock,  or  in  the  sense  of  Brogger's  hypothesis  of  the  cutting  of  still 
unconsolidated  augite-syenites  by  elaeolite-syenite.  It  will  be  remem- 
BuU.  209—03 i 
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bered  that  Br5gger  introduced  that  hypothesis  in  order  to  explain  the 
field  association  of  the  Christiania  rocks.^ 

Like  the  still  younger  granite,  the  syenite  has,  in  general,  a  finer 
texture  than  the  gabbro-diorites.  This  contrast  is  to  be  related  to 
the  greater  basicity  of  the  latter  rather  than  to  any  essential  differ- 
ence of  physical  conditions  under  which  the  intrusion  of  the  basic 
and  acid  stocks  occurred. 

Phase  f,  nordmarkite  of  granitic  habit. — The  only  quarry  that  has 
recently  been  worked  in  the  Ascutney  area  is  situated  within  a  few 
hundred  feet  of  the  contact  with  the  schists  in  the  first  of  the  four 
phases  of  the  Main  sj'enite.  Various  attempts  have  been  made  to  use 
the  stone  for  monuments  and  for  ornamental  purposes  generally,  but, 
for  a  reason  which  will  be  noted  further  on,  a  market  could  not  be 
permanently  secured  by  the  owners.  The  quarry  seems  to  have  been 
practically  abandoned.  The  finest  blocks  yet  taken  out  are  doubtless 
those  which  are  to  be  seen  in  the  large  columns  of  the  library  build- 
ing at  Columbia  University,  New  York  City. 

The  ro<'k,  as  represented  in  the  quarry,  is  a  handsome,  dark-green 
syenite,  in  this  place  characterized  by  medium  to  coarse  grain  and  a 
typical  eugranitic  structure  (spec.  42);  elsewhere  this  phase  grades 
into  one  possessing  a  trachytic  structure.  It  is  a  syenite  with  variable 
amounts  of  free  quartz  and  a  low  percentage  of  colored  constituents. 
IMmary  veins  or  flow  streaks  are  common;  they  are  usually  finer- 
gi*ained  tlian  the  average  rock,  and  are  even  more  poorly  provided 
with  bisilicHtes.  In  addition  to  the  feldspars  and  accessory  quartz, 
the  list  of  minerals  includes,  in  the  order  of  their  abundance,  a  horn- 
blende, biotite,  a  pyroxene,  allanite,  titaniferous  magnetite,  apatite, 
pyrite,  zircon,  nionazite,  and  a  lime-iron  garnet.  The  order  of  their 
crystallization  seems  to  have  been  as  follows: 

Apatite. 

Zircon. 

Magnetite,  pyrite,  garnet. 

Monazite  and  allanite. 

Augite,  hornblende,  and  biotite. 

Oligoclase. 

Alkaline  feldspars. 

Quartz. 

Thefehhpars, — The  constituents  which  determine  the  structure, 
texture,  and  color  of  the  syenite  are  the  feldspars  (PI.  IV,  A,)  Of 
these,  microperthite  is  by  far  the  most  abundant,  and  with  it  are 
associated  orthoclaso,  soda-orthoclase,  microcline,  and  a  plagioclase. 
There  is  no  observable  difference  in  the  macroscopic  habit  of  these 
feldspars,  and  it  was  only  by  the  careful  study  of  slides  and  rock 
powder'  that  all  the  species  could  be  determined.  All  of  them  are 
undoubtedly  the  product  of  primary  crystallization. 


«Zeit.  fttr  Kryst.,  Vol.  XVI,  1890,  p.  281. 
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The  microperthite  is  especially  interesting  on  account  of  its  typical 
development.  The  usual  intergrowth  is  that  of  orthoclase  with  a 
plagioclase  varying  from  albite  to  an  acid  oligoclase  near  AbgAnj, 
but  on  many  cleavage  pieces  it  was  easily  proved  that  the  triclinic 
feldspar  was  intergrown  with  a  monoclinic,  itself  strongly  charged 
with  the  soda  molecule.  Such  individuals  gave  extinctions  of  12°  and 
19°  on  (010)  for  the  two  kinds  of  lamellae,  thus  indicating  the  associa- 
tion of  nearly  pure  albite  with  an  orthoclase  that  stands  at  the  extreme 
soda  end  of  the  series,  generally  designated  by  the  name  "soda- 
orthoclase."  In  all  cases  the  intergrowth  follows  the  law  whereby 
the  triclinic  lamellsB  lie  in  the  monoclinic  feldspar  parallel  to  a  steep 
orthodome;  the  angle  of  72°  between  the  albite  lamellae  and  the  basal 
cleavage  on  (010)  indicates  that  this  dome  may  be  (801),  the  one  noted 
in  this  relation  to  intergrowth  by  Brogger.  From  the  normal  micro- 
perthite there  are  all  transitions  to  what  would  appear  to  be  true 
cryptoperthite.  Both  ends  of  the  series  sometimes  show  the  murchi- 
sonite  parting,  which  is  unusually  clean  and  definite. 

The  tabular  crystals  of  well-lamellated  microperthite  from  a  highly 
feldspathic  phase  on  the  Brownsville  slope  of  the  mountain  represent 
a  very  high  proportion  of  soda  in  the  mixtnre,  as  shown  by  the  polar- 
ization phenomena  and  the  specific  gravity  of  from  2.610  to  2.611  at 
17°  C  Generally,  however,  the  proportion  of  potash  to  soda  is  about 
1:1,  corresponding  to  a  specific  gravity  of  from  2.584  to  2.595  at  the 
same  temperature.  The  same  average  ratio  is  believed  to  character- 
ize the  feldspars  of  the  rock  as  a  whole.  It  is  true  that  there  is  a  not 
unimx)ortant  amount  of  orthoclase  and  soda-orthoclase  in  most  of  the 
slides,  yet  this  lowering  of  the  otherwise  high  percentage  of  soda  is 
occasionally  counterbalanced  by  a  little  free  oligoclase  and  always  by 
a  microperthite  which  is  richer  in  the  triclinic  component  than  the 
average  stated. 

The  pure  potash  feldspar  is  relatively  rare.  It  occura  as  orthoclase 
and  as  microcline,  both  contemporaneous  with  the  microperthite  in 
their  period  of  crystallization. 

The  plagioclase  is  no  more  than  accessory.  The  usual  optical 
methods  of  determination  agreed  in  showing  that  it  belongs  to  a  series 
from  practically  pure  albite  to  the  oligoclase  AbgAuj.  An  orthoclase 
could  not  be  demonstrated  in  any  of  the  Ascutney  rocks,  nor  should 
it,  on  account  of  the  lowness  of  lime,  be  expected.  Barium  oxide 
doubtless  occurs  in  isomorphic  relation  with  the  soda  and  potash  of 
the  feldspars.     No  hyalophane  has  been  discovered  in  the  rock. 

Rapid  tarnishing  on  exposure  to  air, — Qjie  of  the  most  remarkable 
properties  of  this  rock  consists  of  the  unstable  character  of  its  color. 
When  broken  out  of  the  quarry  a  fresh  specimen  is  uniformly,  on  the 
surface  of  fracture,  a  light  bluish  gray.  In  the  course  of  twenty-four 
hours,  under  atmospheric  conditions,  this  tint  changes  to  one  with  a 
greenish  tinge,  and  after  an  exposure  to  the  air  of  ab«ut  thirty  days 
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it  has  become  a  deep  brownish  green — the  color  we  have  noted  for  the 
numerous  blocks  of  the  quarry.  This  green  color  is  in  its  turn  lost 
when  the  roek  has  suffered  more  pronounced  weathering  after  many 
years  of  exposure.  The  final  change  gives  the  familiar  yellows  and 
browns  of  a  decomposed  ferruginous  rock.  In  this  stock  the  rapid 
change  fn)m  gray  to  green  was  observed  only  in  phase/,  as  exposed 
on  the  north  and  northwest  slopes  of  the  mountain. 

Examination  quickly  showed  that  the  color  change  of  the  rock  is 
conditioned  by  the  feldspar  and  that  it  is  altogether  a  superficial 
phenomenon,  taking  place  only  where  the  air  has  access  to  the  min- 
eral. The  question  has  naturally  arisen  as  to  the  cause  of  this  pecul- 
iar instability  of  color,  and  a  number  of  experiments  were  carried 
out  which  have  thrown  light  on  the  problem.  To  show  that  one  or 
more  of  the  principal  atmospheric  gases  were  essential  to  the  reac- 
tion, a  gray  piec«  of  the  fresh  rock  was  immersed  in  a  stream  of 
carbon  dioxide  gas  for  twenty  minutes  and  then  kept  in  an  atmosphere 
of  that  gas  for  twenty-four  hours.  No  appreciable  change  was  noted 
ill  the  original  gray  tint,  showing  that  in  all  probability  the  carbonati- 
zation  of  some  unknown  element  in  the  feldspar  could  not  explain 
the  alt^^ration  of  tint.  The  inference  was  ready  to  hand  that  it  was 
rather  due  to  oxidation.  A  gray  fragment  of  the  rock  was  accord- 
ingly placed  in  an  atmosphere  of  purified  oxygen  over  night.  A  per- 
ceptible change  to  the  green  color  resulted.  The  same  piece  was 
then  changed  to  an  intense  green  by  an  exposure  of  thirty  minutes  to 
a  stream  of  oxygen,  while  the  fragment  was  kept  at  a  temperature  of 
about  lMrc\ 

The  further  question  remained:  What  oxidizable  substance  pres- 
ent in  the  feldspar  would,  on  uniting  with  the  oxygen  of  the  air, 
furnish  the  retiuired  color?  That  it  is  not  organic  was  shown  by 
the  fact  that  before  the  blowpipe  the  green  tint  was  not  only 
not  destroyed,  but,  on  the  contrary,  was  deepened  in  the  oxidizing 
flame — another  testimony  to  the  fact  of  oxidation  as  the  true  cause. 
Partial  decolorization  resulted  from  fhe  application  of  the  reducing 
flame.  The  probable  explanation  of  the  color  change  is  found  in 
the  oxidation  of  the  ferrous  oxide  of  the  feldspars  to  the  ferric, 
thus  giving  a  yellow  which,  in  combination  with  the  fundamental 
blue-gray  of  the  under  layers  of  the  crystal  substance,  affords  the 
green  of  the  altered  surface.  In  acids  the  mineral  is  decolorized  to 
the  original  bluish  gray,  which  is  permanent,  and  the  filtrate  gives  a 
strong  reaction  for  iron.  A  high  power  of  the  microscope  shows  that 
the  pei'fectly  fresh  feldspars  are  all  crowded  with  myriads  of  extremely 
minute  blackish  granules.  It  is  possible  that  this  dust  is  composed 
of  ferrous  oxide,  dating  as  to  its  period  of  formation  from  the  time  of 
the  original  crystallization  of  the  rock.  If  this  be  true,  we  can  derive 
the  instability  of  color  from  one  of  the  most  familiar  reactions  in  the 
history  of  metasomatic  processes. 

Were  the  coloring  substance  uniformly  distributed  throughout  the 
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body  of  the  roc'k,  this  syenite  would  make  a  favorite  material  for 
decorative  purposes,  for  it  is  capable  of  a  fine  polish;  but  the  distri- 
bution is,  unfortunately,  very  uneven,  and  the  consequence  is  that  the 
polished  monument  or  shaft  is  often  blemished  with  streaks  of  lighter 
and  darker  hue  than  the  average.  Furthermore,  as  already  implied, 
the  tint  of  any  specimen  can  never  be  said  to  be  permanent.  As  the 
oxidation  progresses,  the  bluish  tone  of  the  feldspar  substance 
beneath  the  surface  will  have  less  and  less  influence  on  the  color 
mixture  and  a  more  brownish  tone  will  result.  This  is  what  has  actu- 
ally happened  in  the  case  of  several  tombstones  which  have  stood  for 
some  years  in  the  cemeteries  of  Brownsville  and  Windsor. 

A  similarly  rapid  change  of  color — from  a  grayish  green  to  a  more 
pronounced  green — on  exposure  to  the  air,  has  been  described  by 
Cushing  as  characterizing  the  squeezed  augite-syenites  near  Loon 
Lake,  New  York.^  He  suggests  staining  from  the  oxidation  of  the 
ferrous  iron  derived  from  decomposed  hypersthene  as  a  possible  cause 
of  the  rusty  brown  color,  but  leaves  open  the  question  of  the  causes 
of  the  early  stages  of  the  color  change.  He  i)oints  out  that  the 
uncrushed  crystals  are  always  less  green  than  the  feldspar  granulated 
by  pressure.  This  would  be  expected  as  one  result  of  the  increased 
ease  with  which  oxidizing  fluids  would  circulate  in  the  rock  after 
crushing.  The  gray  color  of  the  Ascutney  rock  corresponds  with  its 
other  properties  in  showing  that  it  has  not  been  subjected  to  such 
squeezing  as  that  once  suffered  by  the  New  York  syenite,  which  in  other 
respects  is  strikingly  similar  to  our  rock.  Types  very  close  to  both 
of  these  in  nature  and  origin  occur  at  Killington  Peak  in  western  Ver- 
mont and  at  Shefford  Mountain,  Quebec,  and  possess  the  same  pecu- 
liar green  color.  At  the  latter  locality  the  change  from  the  fresh  gray 
to  green  has  also  been  observed.  It  may  be  noted  in  passing  that 
green  is  a  favorite  hue  for  several  species  of  alkaline  rocks.  Tin- 
guaites  are  commonly  green,  like  the  groundmass  of  pantellerites, 
and  grorudite  from  the  classic  locality  is  green,  the  color  in  the  last 
mentioned  rock  being  due,  however,  to  the  essential  jegirine. 

Hornblende, — The  next  most  important  constituent  of  the  syenite  is 
a  hornblende  belonging  to  the  alkali-iron  group  of  amphiboles.  Often 
idiomorphic  against  the  feldspars,  it  yet  commonly  possesses  the  fea- 
ture characteristic  of  hornblendes  that  have  grown  in  an  alkaline 
magma — namely  the  irregular  outline  due  to  resorption.*  Within  the 
cavities  thus  formed  by  this  magmatic  solution,  feldspar  and  quartz 
have  crystallized,  and  in  section  have  the  appearance  of  inclusions  in 
the  hornblende.  The  color  of  the  mineral  varies  through  shades  of 
brown  according  to  the  following  scheme : 

a,  light  greenish  brown  to  grayish  yellow. 

b,  deep  greenish  brown  to  olive-brown. 

c,  grayish  olive-green. 


aBuU.  Geol.  Soc.  Am.,  Vol.  X,  1899,  p.  178. 

«»Cf.  BrOgger,  Zeitachr.  fflr  Kryst.,  Vol.  XVI,  p.  181. 
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The  ftlmorption  parallel  to  b  and  o  is  very  strong;  b>c>a. 

By  the  use  of  cleavage  pieces  raount^ed  on  the  Fedoroff  tAble,  the 
extinction  was  determined  on  (010)  at  16°.  The  extinction  on  the  cleav- 
age plate  itself  was  found  to  average  14°  39'.  By  turning  the  plate 
about  an  axis  at  once  coincident  with  the  vertical  axis  of  the  crystal 
and  parallel  with  the  principal  section  of  the  polarizer,  it  was  possible  to 
t^st  the  curve  of  extinction  in  the  vertical  zone.  Readings  were  taken 
at  positions  of  the  cleavage  plate  where  the  plane  of  symmetry  made 
angles  of  42°  30',  47°  30',  and  77°  30'  with  the  plane  passing  through 
the  crystal  at  right  angles  to  the  axis  of  the  microscope.  The  corre- 
sponding angles  of  extinction  were  found  to  be  16°  50',  17°  25',  and 
12°  0'.  These  results  mean  an  angle  of  extinction  on  (010)  of  16°,  and 
an  optical  angle  of  about  70°  for  the  amphibole."  Etch  figures  on  a 
cleavage  plate  immediately  oriented  the  crystal  and  therewith  the 
ellipsoid  of  optical  elasticity.*  The  optical  axis  c  lies  in  the  obtuse 
angle  (i  in  Tschermak's  orientation.  These  conclusions  were  checked 
by  the  close  study  of  rock  slides,  and  chance  sections  of  the  hornblende 
favorable  to  the  rough  measurement  of  the  optical  angle  and  to  the 
determination  of  r  :  c  confirmed  the  results  derived  from  the  use  of 
cleavage  pieces. 

The  usual  twinning  parallel  to  (100)  was  observed. 

The  angle  of  the  cleavage  prism  was  measured  on  about  twenty 
individuals  and  found  to  vary  from  55°  13'  to  56°  0',  with  an  average 
of  55°  32'.  This  great  variation  from  the  mean  is  not  to  be  explained 
by  iK)or  reflexes  or  by  the  personal  equation  of  the  observer,  but  must 
be  conditioned  by  some  as  yet  unknown  cause  or  causes.^  The  specific 
gravity  was  taken  with  the  Klein  solution;  it  averaged  3.272  at  17°C., 
varying  in  a  suit-t*  of  ten  specimens  from  3.266  to  3.278.  A  thin  splin- 
ter of  the  mineral  melts  quietly  in  the  Bunsen  burner  with  a  strong 
soda  flame.  In  view  of  such  properties  we  can  place  this  hornblende 
near  barkevikit^?,  in  the  alkali-iron  series  developed  by  Brogger.** 
Poikilitic  intergrowths  with  biotite  and  allanite  and  parallel  inter- 
growth  with  augite  make  it  impossible  to  separate  the  hornblende  and 
thus  permit  a  chemica,!  analysis  of  it  being  made,  but  it  is  plainly  rich 
in  ferric  oxide  and  soda. 

Augite. — Compared  with  the  amphibole,  the  pyroxene  is  present  in 
very  subordinate  amount.  It  almost  invariably  occurs  in  the  cores  of 
parallel  intergrowths  with  the  hornblende,  which  there  is  every  rea- 
son to  believe  is  primary  and  has  thus  not  been  derived  from  the 
pyroxene  either  by  magmatic  or  by  metasomatic  changes.  The  augite 
has  the  usual  diopsidic  habit  of  most  augite-syenites;  the  optical  angle 

«Proc.  Am,  Acad.  Arts  and  Sciences,  Vol.  XXXIV,  1899,  p.  8U. 

b Ibid.,  p.  373. 

(7  There  ia  need  for  a  thorough  investigation  of  the  whole  amphibole  group  for  the  purpose  of 
fixing  the  series  of  prismatic  angles,  as  they  undoubtedly  vary  with  the  chemical  composition, 
and  the  student  of  the  amphiboles  would  probably  be  repaid  if  he  set  about  the  task  of  finding 
the  possible  causes  for  the  noteworthy  variation  in  the  angle  for  the  same  species  from  one 
locality.  , 

(fGesteine  der  Gromdit-Tingruait  Serie,  p.  38. 
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is,  however,  remarkably  small,  45°  15'  being  measured  in  oil.  The 
extinction  angle  was  not  found  on  account  of  the  lack  of  favorable 
material. 

Biotite. — In  about  equal  proportion  with  the  pyroxene  is  a  deep- 
brown  primary  mica  charact-erized  by  normal  properties.  The  optical 
plane  and  the  plane  of  symmetry  are  coincident.  From  the  low  per- 
centage of  magnesia  in  the  total  analysis  it  appears  that  the  mica  is  a 
true  lepidomelane  and  not  a  meroxene.  The  formation  of  skeleton 
crystals  by  magmatic  resorption  is  here  also  very  striking. 

AUanite, — ^The  rock  of  the  Windsor  quarry  contains  an  important 
accessory  not  recognized  in  any  other  part  of  the  syenite  stock.  It 
occurs  in  the  form  of  elongated  anhedral  grains,  either  independent 
or  associated  as  irregular  intergrowths  with  the  hornblende.  In  the 
hand  specimen  the  mineral  can  be  readily  made  out  by  its  black 
color,  waxy  to  lustrous  appearance,  and  by  the  presence  of  only  one 
good  cleavage.  In  many  cases  the  individuals  are  as  much  as  half  a 
centimeter  long.  The  most  striking  microscopic  property  is  the 
extremely  strong  pleochroism  and  absorption.  The  colors  vary  from 
cinnamon -brown  to  deep  walnut-brown  in  some  individuals;  in  others 
chestnut-brown  and  purplish  brown  appeared,  while  in  the  thicker 
slides  the  more  powerful  absorption  gave  almost  absolute  black- 
ness. The  single  refraction  seemed  to  be  higher  than  that  of  horn- 
blende, but  the  double  refraction  was  weaker.  In  addition  to  the  good 
cleavage  visible  macroscopically,  there  was  also  present  a  less  perfect 
cleavage  transverse  to  the  former  at  a  high  angle.  Before  the  blow- 
pipe the  cleavage  pieces  fused  with  intumescence  to  a  black  magnetic 
glass.  Such  an  association  of  properties  seemed  to  indicate  allanite, 
and  an  examination  of  some  material  from  Suhl  (orthite)  confirmed 
the  close  similarity  with  that  mineral.  The  conviction  became  a  prac- 
tical certainty  when  some  fragments  were  dissolved  in  hydrofluoric 
acid,  and  from  the  solution  an  excellent  test  for  cerium  was  obtained 
by  precipitating  with  ammonium  oxalate. 

The  allanite  is  (on  account  of  the  strong  magmatic  resorption)  never 
idiomorphic.  Yet  it  must  be  one  of  the  oldest  constituents  of  the  rock, 
as  it  is  inclosed  by  the  hornblende,  in  which  it  often  forms  lively 
pleochroic  halos.  The  two  minerals  are  sometimes  intergrown,  but 
the  allanite  never  incloses  the  other.  Apatite,  zircon,  and  magnetite 
antedate  both  in  the  order  of  crystallization. 

We  have  here,  then,  one  more  example  showing  the  importance  of 
allanite  in  eruptive  rocks.  As  early  as  1885  Iddings  and  Cross  noted 
the  occurrence  of  the  mineral  at  28  localities  and  in  9  rock-types, 
including  granite,  gneiss,  granite-porphyry,  quartz-porphyry,  diorite, 
dacite,  and  rhyolite.^  Since  then  it  has  been  discovered  at  many  other 
localities,  including  some  where  the  rock  is  alkaline  and  related  in 
character  to  the  Ascutney  syenite,  e.  g.,  the  hornblende  granite  of 

a  Am.  Joor.  Sd.,  8d  series,  Vol.  XXX,  1886,  p.  108. 
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Essex  County,  Mass.,^  and  the  quartz-syenite  of  Loon  Lake,  New 
York.* 

Monazite. — A  second  accessory  which  was  attended  with  consider- 
able difficulty  in  its  determination  occurs  in  some  amount  in  the  quarry 
rock.  It  has  never  been  observed  macroscopically,  but  only  in  the 
slide,  where  it  is  found  in  the  form  of  roundish  ^n*Ains  reaching  1  milli- 
meter in  diameter.  These  are  nearly  colorless,  with  a  grayish-yellow 
tint,  and  are  characterized  by  high  single  ref inaction  and  by  high  double 
refraction,  giving  polarization  colors  of  the  third  order.  Crystal  form 
is  always  lacking,  but  optical  tests  showed  the  mineral  to  be  biaxial 
and  monoclinic  or  triclinic.  The  cleavages,  about  at  right  angles  to 
each  other,  were  seen  in  the  section  of  one  small  individual.  The  min- 
eral was  found  to  be  difficultly  soluble  in  nitric  acid  and  more  easily 
in  hydrochloric^  acid.  From  the  solution  a  precipitate  with  molybdate 
of  ammonia  was  obtained,  one  too  abundant  to  be  explained  by  the 
associated  apatite,  and  thus  showed  the  grains  to  belong,  without 
doubt,  to  a  phosphate.  The  quantity  of  the  solution  was  so  small  as 
to  render  impossible  the  sure  determination  of  the  rare  earths  which 
should  be  expected  if  the  mineral  be  really  monazite.  Yet  it  may  best 
be  ascribed  to  that  species  as  the  phosphate  nearest  in  optical  proper- 
ties to  the  one  with  which  we  are  dealing. 

The  grains  inclose  numerous  apatite  needles  of  great  minuteness  and 
a  few  square  sections  of  magnetite.  All  three  minerals  seem  to  have 
crystallized  before  the  essential  constituents.  The  monazite  further 
shows  an  interesting  paragenesis  with  the  allanite,  the  latter  sometimes 
appearing  as  a  mantle  about  the  former.  Such  an  intimate  associa- 
tion of  a  phosphate  with  a  meml)er  of  the  epidote  family  is  rather  sur- 
prising, but  from  the  study  of  the  material  in  hand  both  minerals 
seem  to  bo  primary. 

The  magnetite  is  titaniferous.  It  is  inclosed  as  a  primary  mineral 
by  all  the  other  constituents  except  apatite.  Its  habit  is  the  usual 
one  of  granitic  eruptives. 

Titanite  is  rather  less  common  than  in  the  diorites,  but  possesses 
the  same  features  as  in  the  older  rock.  It  incloses  apatite;  its  rela- 
tion to  zircon  is  indeterminable  as  to  the  period  of  crystallization. 

Apatite  is,  as  usual,  most  abundant  in  the  vicinity  of  the  bisilicates, 
and  is  accordingly  here,  as  in  the  feldspathic  phases  of  the  stock  as  a 
whole,  veiy  rare. 

Zircon  is  more  common  than  in  the  phases  of  the  Basic  stock.  Its 
habit  is,  however,  the  same,  excepting  that  it  here  shows  a  pronounced 
color  and  pleochroism. 

E,  pigment  irregularly  distributed — pale  violet  and  colorless. 

0,  solid  color — paler  violet. 

The  zircon  is  younger  than  the  apatite  and  seems  to  have  accom- 
panied the  titaniferous  magetite  in   its   crystallization.     Irregular 


a  Jour.  Qeol.,  Vol.  VI,  1898,  p.  792. 

^H.  P.  Cuahing,  BuU.  Geol.  See.  Am.,  Vol.  X,  1809,  p.  180. 
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roundish  inclusions  with  wide  margins  of  total  reflection  are  ascribed 
to  imprisoned  gas. 

Quartz  is  uniformly  allotriomorphic  and  interstitial.  Fluid  cavities 
and  negative  crystals  are  very  numerous.  The  filling  material  of  the 
latter  could  be  well  studied  here  on  account  of  the  remarkable  per- 
fection of  the  forms.  In  many  cases  double  bubbles,  that  unite  on 
heating  the  preparation,  indicate  carbonic  acid  gas  in  a  saturat.ed 
solution  of  water.  The  usual  orientation  of  the  negative  crystals  with 
their  chief  axes  parallel  to  that  of  their  host  is  easily  demonstrable, 
especially  in  the  isotropic  sections  of  the  quartz;  in  them  the  fluids 
lie  in  six-sided  cavities,  whose  sharp  outlines  are  of  exceptionally 
clear  definition. 

The  extremely  few  grains  of  reddish  common  garnet  were  found  in 
this  phase  only  in  those  thin  sections  made  from  specimens  collected 
near  the  schist  contact  and  are  doubtless  to  be  referred  to  slight 
endomorphic  influence  exercised  by  the  country  rock  on  the  eruptive. 

Basic  nodules,  from  1  to  2  inches  (2.6  to  5.2  centimeters)  in  diameter 
are  occasionally  seen  in  the  quarry  rock.  They  are  differentiated  min- 
eralogically  from  their  parent  rock  simply  by  a  greater  richness  in 
hpmblende,  which  is  here,  too,  strikingly  corroded.  One  can  not  be 
sure  that  the  poikilitic  habit  of  the  mineral  is  anything  more  than 
apparent;  primary  inclusion  of  quartz  and  feldspar  might  give  the 
same  appearance  in  thin  section  as  that  due  to  extensive  embaying  of 
the  hornblende  by  the  caustic  feldspathic  magma. 
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PLATE   IV. 

A,  Typical  thin  section  of  the  nordmarkite  of  the  Main  stock,  granitic  phase, 
composed  almost  entirely  of  microperthite  and  quartz;  crossed  nicols.  X  20.  (See 
p.  50.) 

B.  Pyroclastic  feldspar  (soda-orthoclase)  surrounded  by  a  reaction  rim  rich  in 
alkaline  hornblende,  from  the  large  paisanite  dike  on  northwest  slope  of  Ascutney 
Mountain;  crossed  nicols,  X  7.     (See  p.  71,) 
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Tablb  yil,—Analy8e8  of  nordmarkite  Qnd  other  rocks. 


1. 

2. 

8. 

4. 

60.45 
20.14 

[  3. 80 

1.27 
1.68 
7.28 
5.12 

0.71 

5. 

6. 

7.    .    1      8. 

SiO, 

65.48 

16.11 

1.15 

64.88 

16.24 

1.37 

64.04 
17.92 
0.96 
2.08 
0.59 
1.00 
6.67 
6.08 

I  1.18 

60.08 

20.76 

1  4.01 

1  0.75 

0.80 

2.62 

5.96 

5.48 

«0.59 

60.5-67.0 
20.0-17.5 

I4.O-  3.0 

1.0-  0.5 
2.0-  1.5 
7.0-  6.5 
5.0-  6.0 

61.49 
16.14 

5.81 

0.99 
1.67 
6.19 
5.70 

'«1.17 

65  48 

AljOs 

16  96 

FeA 

J  1.55 
1  53 

FeO - 

2.Sry  1     2.70 

MgO 

0.40 
1.49 

0.89 
1.92 

0  22 

CaO 

1  36 

Na,0.... 

K,0 

5.00       5.00 
5.97       5.61 

5.95 
5.36 

HjO  above  110"  C. 

0.39 
0.19 
Trace? 
0.50 
0.11 
0.18 

0.46 
0.19 
None. 
0.69 
0.13 
0.18 

0.82 

HjObelowllO^C.- 
CO, 

None. 

TiO, 

0.62 

0.16 

ZrO, 

0.07 

0.53 

P,0« 

0.02 

SOs 

None.   None. 
0.05  !    0.04 
0.08       0.08 

0.06 

CI 

1 

0.04 

F 

1 

FeS, 

0.07 

*  ^*-^  — 

BaO                            0.03 

0.06 

0.14 

Faint 
trace. 

Trace. 

100.53 
0.04 

1 

None. 

MnO                       i    0.23 

0.23 

Trace. 

0.28 

0.40 

SrO                         Trace. 

Li^O                           Stroncr 



i 

trace. 

101.37 

100-18 

100.40 

100-07 

99.97 

99.86 

0— F  CI                   1    0.04 

-   -  - 1 

1 

—     - 

-      - 

100.14 

100.49 

Totals 1  0.036 

Sp.gr !  2.659 

2.688 

1 

a  Loes  on  ignition. 

1.  Homblende-biotite-nordniarkite  of  granitic  structure,  Ascutney  Mountain 
(phase/);  analysis bjr Hillebrand. 

2.  Homblende-biotite-augite-nordmarkite  of  porphyritic  structure,  Ascutney 
Mountain  (phase  g) ;  analysis  by  Hillebrand. 

3.  Classic  nordmarkite,  Tonsen&s,  Norway;  Br5gger,  Zeitschr.  ffir  Kryst.,  Vol. 
XVI,  1890,  p.  54. 

4.  Classic  nordmarkite,  Auerod,  Norway;  Brdgger,  ibid.,  p.  54. 

5.  Classic  pulaskite,  Fourche  Mountain;  Williams,  Arkansas  G^l.  Surv.,  Ann. 
Kept,  for  1890,  Vol.  H,  p.  70. 

6.  Limits  of  variation  in  nordmarkites  and  related  quartz-syenites,  according 
to  Br5gger,  op.  cit..  p.  81. 

7.  Ayerage  analysis  of  three  syenite-porphyry  dikes  from  the  northern  Adiron- 
dacks;  Cushing,  Bull.  Geol.  Soc.  Am.,  Vol.  IX,  1898,  p.  248.  

8.  Nordmarkite  of  Shefford  Mountain;  Dresser,  Am.  Geol.,  Vol.  XXVIII,  1901, 
p.  209. 
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From  the  analysis  of  the  fresh  quarry  roek  (Table  VII,  eol.  I)  the 
table  of  molecular  proi)ortion8  was  calculated  as  follows; 


SiO, 

Al,(), 

Fe,0, 

FeO-. 

MnO. 

Mg(>- 

CaO- 

Na,0. 

K,0  _ 

TiO,  . 

ZrO, - 

PA 

a... 


Anal- 
ysis. 

Molecular 
proportions. 

1.0905 

65.48 

16.11 

0. 1579 

1.15 

0.0079 

3.85 

0.0396 

0.23 

0.0032 

0.40 

0.0100 

1.49 

0.0266 

5.00 

0.0806 

5.97 

0.0635 

0.50 

0.0061 

0.11 

0.0011 

0.18 

0.0009 

0.05 

0.0014 

A  partial  determination  shows  that  zircon  forms  0.2  per  cent  of  the 
rock ;  apatite,  0.4  per  cent;  majj:netite  (crediting  it  with  all  the  FcgO,), 
1.8  per  cent.  A  careful  mechanical  separation  of  the  hornblende  per- 
mitted a  rough  estimation  of  its  tot^l  amount;  slightly  Impure  from 
included  and  intermixed  allanite,  biotite,  and  magnetite,  it  composed 
5.2  per  cent  by  weight  of  tlie  total  powder.  Allowing  for  it43  impurity, 
w(j  shall  not  be  far  from  the  truth  in  regarding  5  per  cent  as  the  pro- 
portion of  hornblende.  Arbitrarily  estimating  the  lime  content  of 
the  hornblende  as  10  per  cent  (near  barkevikite),  the  proportion  of 
the  anorthite  molecule,  after  allowing  also  for  the  lime  in  the  apatite, 
was  calculated  at  4  per  cent.  On  the  supposition  that  all  the  soda 
occurs  in  the  albite  molecule  and  all  the  x>ota8h  in  the  orthoclase 
molecule,  they  would  respectively  compose  42  and  35.3  per  cent  of 
the  rock.  Both  these  figures  must  be  slightly  too  high.  The  result 
of  the  whole  calculation  shows  the  following  approximate  composition: 

Per  cent. 

Albite  molecnle ,   41. 0 

Orthoclase  molecule 35. 0 

Quartz .     11.0 

Hornblende 5.0 

Anorthite  molecule  - 4. 0 

Magnetite 1.8 

Apatite 0.4 

Zircon 0.2 

Biotite,  titanite,  diopside,  and  allanite 1.6 

100.0 
Three  determinations  of  the  specific  gravity  of  the  rock  gave  an 
average  of  2.659  at  17°  C. 


Digitized  by 


Google 


DALY.]  MAIN   SYENITE   STOCK.  61 

The  geologrical  relations,  structure,  and  constitution  of  this  phase 
clearly  place  the  rock  among  the  alkaline  quartz-syenites,  closely 
allied  to  the  nordmarkites  of  Tonsen&s  and  other  localities  in  the 
Christiania  region  (compare  cols.  1,  3,  and  6).  Brogger's  table  gives 
the  limiting  values  in  the  percentage  composition  of  nordmarkite. 
Two  other  American  examples  are  noted  in  columns  7  and  8. 

Phase  g. — The  porphyritic  phase  of  the  stock  is  widespread,  espe- 
cially on  the  east  and  southeast  sides  of  the  mountain.  The  rock  is 
structurally,  but  neither  chemically  nor  mineralogically,  except  as 
regards  some  of  the  accessories,  to  be  distinguished  from  the  normal 
equigranular  type.  This  second  phase  is  exhibited  on  a  large  scale 
on  the  prominent  bald  knob  east  of  the  main  summit. 

The  color  of  the  rock  is  always  a  light  gray  or  pinkish  gray,  which 
is  stable  and  does  not  change  to  green  on  exposure  (spec.  115).  The 
phenocrysts  are  almost  always  roundish  feldspars  which  may  reach 
the  diameter  of  one  centimeter  or  more;  much  more  rarely  a  horn- 
blende or  augite  individual  will  approach  the  same  dimension.  The 
phenocrystic  feldspars  are  microperthite,  orthoclase,  albite,  and  oligo- 
clase,  often  arranged  in  groups  of  two  or  more  large  indiNiduals.  The 
first  named  is  probably  the  most  abundant,  but  is  much  less  predomi- 
nant than  in  the  granitic  phase  on  account  of  the  greater  amount  of 
free  albite  and  oligoclase.  The  orthoclase,  to  judge  from  its  typical 
specific  gravity  (2.594  at  16°  C),  must  contain  considerable  soda  in 
intimate  mixture.  The  acid  oligoclase  and  albite  are  often  surrounded 
by  a  thin  mantle  of  oilhoclase,  which  is  thus  later  in  origin.  Micro- 
cline  is  probably  present  among  the  phenocrysts,  but  is  quite  rare. 

The  groundmass  is  a  hypidiomorphic  i)epper-and-salt  mixture  of  the 
same  essential  minerals  as  in  phase/.  The  diopsidic  augite,  brown 
hornblende,  and  the  biotite  are  more  abundant  than  in  that  phase, 
causing  the  specific  gravity  of  the  rock  to  be  higher  (here  2.G85  at 
17°  C).  The  augite,  as  in  the  phenocrysts,  seems  always  to  occur  as 
cores  in  intergrowths  with  the  primary  hornblende.  Corrosion  of 
the  dark-colored  silicates  is  much  less  pronounced  than  in  the  granitic 
phase;  they  exhibit,  correspondingly  more  often,  idiomorphic  outlines. 
Free  quartz  in  the  form  of  small  interstitial  gi*ains  occurs,  but  is  not 
so  prominent  an  accessory  as  in  phase  /.  Titanite  is  here  more 
abundant,  and  explains  the  somewhat  higher  percentage  of  TiO^  in 
the  analysis.  The  higher  MgO  is  ascribed  to  the  more  abundant 
biotite. 

The  rock  shows  no  indications  of  crushing;  we  can  not,  therefore, 
attribute  the  porphyritic  structure  to  cataclastic  processes.  The 
groundmass  has  unquestionably  crystallized  in  its  present  form  from 
an  igneous  magma.  The  order  of  crystallization  of  its  component 
minerals  is  the  same  as  in  the  green  rock.  Seveial  facts  favor  the 
view  that  the  feldspar  phenocrysts  belong  to  an  earlier  stage  in  the 
crystallization  than  that  which  produced  the  groundmass. 
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PLATE   V. 

A,  Segregation  of  mica  and  hornblende  concentrically  arranged,  in  paisanite 
(the  same  section  of  the  segregation  also  appears  in  the  lower  right-hand  quad- 
rant of  the  micrograph  represented  in  PI.  IV,  B) ;  ordinary  light,  X  24.   (See  p.  72. ) 

B,  Basic  segregations  in  nordmarkite  at  Crystal  Cascade;  one-half  natural  size. 
(Seep.  64.) 
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Feldspars  of  similar  nature  and  size  are  abundant  in  the  basic 
segregations  with  which  this  phase  is  richly  charged,  and  with  them 
are  granitic  groupings  of  several  individuals  separated  by  interstitial 
quartz.  The  segregations  are  mostly  composed  of  those  minerals  of 
the  groundmass  which  crystallize  out  in  an  early  stage  of  consolida- 
tion. The  large  feldspars  and  the  groups  would  thus  antedate  that 
groundmass.  The  feldspar  pheuocrysts  which  are  mantled  with  ortho- 
clase  very  often  present  the  appearance  of  having  been  extensively 
corroded  by  the  magma  before  the  mantles  grew  about  them.  It  is 
probable,  also,  that  there  were  two  generations  of  the  bisilicates. 
The  granitic  groupings  of  large  individuals  suggest  that  the  porphy- 
ritic  structure  may  be  largely  due  to  protoclastic  action  breaking  up 
a  coarse-grained  granitic  rock  already  more  or  less  completely  solidi- 
fied in  the  conduit  when  the  somewhat  later  magma  of  the  *' ground- 
mass"  was  erupted.  On  the  other  hand,  we  can  not  exclude  the 
possibility  that  this  phase  is  the  result  of  chilling,  developing  a 
porphyritic  structure  equivalent  to  that  which  may  be  seen  in  the 
endomorphic  zone  and  in  the  apophyses  of  the  granitic  phase;  for  it 
is  often  impossible  to  distinguish  hand  specimens  of  the  latter  rocks 
from  typical  specimens  of  phase  g.  The  problem  thus  merits  further 
inquiry. 

One  of  the  most  peculiar  features  of  the  syenites  which  may  be  seen 
in  all  the  phases,  but  is  best  exemplified  in  this  particular  phase,  is 
the  presence  in  the  rock  of  numerous  dark,  roundish  spots  or  kernels. 
These  vary  from  1  millimeter  to  1  centimeter  in  diameter.  They  occur 
in  all  parts  of  the  rock,  but  are  specially  abundant  in  the  basic  segre- 
gations, which  will  be  more  fully  described  hereafter.  The  kernels 
belong  to  two  classes,  which  show  the  common  characteristic  of  a  core 
and  mantle  structure.  Within  a  relatively  thin  black  outer  covering  of 
felted,  often  radially  arranged,  biotite  (and  less  conspicuously  horn- 
blende) there  is  a  core  of  variable  composition.  The  latter  may  be 
composed  entirely  of  chlorite  and  magnetite;  of  chlorite,  magnetite, 
biotite,  and  a  uralitic  amphibole;  or  entirely  of  a  light-green  pleo- 
chroic  actinolitic  hornblende.  The  last  mentioned  is  the  commonest 
type  of  core. 

The  mantle  is  to  be  regarded  as  a  reaction  rim.  The  chloritic  cores 
are  the  product  of  the  alteration  of  augite,  probably  in  consequence  of 
metasomatic  action.  The  actinolitic  kernels  are  likewise  plainly 
derived,  but  in  no  one  of  some  twenty-five  slides  could  there  be  found 
a  remnant  of  the  original  mineral  at  the  heart  of  the  kernel.  The 
similarity  in  size  and  general  relations  between  these  and  the  chloritic 
kernels  suggest  that  augite  was  here,  too,  the  original  material  from 
which  the  hornblende  felt  was  constructed.  The  freshness  of  the 
biotite  rim,  the  absence  of  secondary  ore  and  chlorite,  and  the  com- 
plete freshness  of  the  hornblende  core  lead  to  the  conclusion  that  the 
alteration  took  place  before  or  daring  the  consolidation  of  the  rock. 
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This  clans  of  kernels  would  thus  fall  into  the  class  of  magmatic  pseu- 
domorphs  after  pyroxene.  One  is  reminded  of  the  analc^ous  ocellar 
alteration  of  olivine  into  hornblende. 

Chemically  this  phase  is  practically  identical  with  the  green  gran- 
ular rock  (cf.  columns  1  and  2  in  Table  VII).  Mineralogically  the 
similarity  is  almost  as  close.  The  only  iuiportant'differenee  is  in  the 
structure.  Phase  g  may  then  be  classified  as  a  nordmarkite  uHth  a 
porphyritic  habit, 

BASIC   SEGREGATIONS. 

Every  observant  visitor  to  Ascutney  is  struck  by  the  extreme  rich- 
ness of  the  Main  syenite  stock  in  basic  inclosures  of  generally  a 
nodular  form,  and  he  might  also  note  that  they  are  more  abun- 
dant in  the  porphyritic  phase  than  elsewhere  (PI.  V,  B  and  PI.  VI). 
They  are  distributed  with  great  irregularity.  Sometimes  they  occupy 
as  much  as  one-half  of  the  volume  of  the  rock,  if  one  may  judge  from 
the  appearance  of  even  broad  ledges.  At  other  times  the  nodules  are 
separated  by  many  feet  or  yards  of  the  normal  rock.  Partly  on 
account  of  their  abundance  in  erratics  won  from  the  mountains  a 
well-defined  glacial  bOwlder  train  has  been  shown  by  O.  H.  Hitch- 
cock to  exist  in  the  lee  of  Mount  Ascutney.**  The  nodules  are  dark 
gray  to  dark  greenish  gray  in  color,  spheroidal  or  ellipsoidal  in 
shape  as  a  rule,  and  of  all  sizes  up  to  those  occupying  several  cubic 
feet.  The  section  of  one  of  them,  outcropping  near  the  contact  with 
the  granite  at  the  southeast  end  of  the  mountain,  was  found  to  meas- 
ure 2  by  10  feet.  While  the  much  darker  color  causes  the  nodules  to 
l>e  in  striking  c<mtrast  with  the  normal  rock  in  hand  specimen  or  in 
ledge,  microscopic  study  proves  an  intimate  dovetailing  and  interlock- 
ing of  the  minerals  between  the  two.  The  nodule  has  not  been 
enriched  in  the  bisilicates  by  the  special  impoverishment  of  the 
matrix  immediately  surrounding,  for  in  no  case  could  there  be  found 
a  zone  about  the  nodule  distinctly  lighter  in  color  than  the  normal 
rock.  This  is  the  more  diflRcult  to  undei*stand  because  of  the  very 
evident  lack  of  flow  structure  in  the  rock  as  a  whole.  The  nodules 
seem  to  have  formed  quietly  in  the  magma  after  it  had  suffered  its 
"mise  en  place"  and  not  to  have  been  disturbed  in  position  since. 
Even  those  which  are  decidedly  elongated  do  not  show  the  degree  of 
common  orientation  which  we  should  expect  if  they  had  floated  in  a 
streaming  fluid  matrix. 

The  nodular  masses  are  themselves  porphyritic.  Large,  irregularly 
bounded  crystals  of  microperthite,  cryptoperthite,  microcline,  ortho- 
clase  and  plagioclase  (averaging  acid  labradorite  AbjAn,),  green  horn- 
blende, and  the  usual  diopsidic  augite,  with  or  without  a  hornblende 
mantle,  form  the  phenocrysts  (see  PI.  V,  B).  The  dark  matrix  is  a 
fine-grained  granular,  panallotriomorphic  mass  of  hornblende,  oligo- 

aBuU.  (hsA.  Soc.  Am.»  Vol.  1, 1890,  p.  30. 
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clase,  biotite,  and  quartz,  with  abundant  grains  or  idioraorphic  crys- 
tals of  titanite,  ilmenite,  apatite,  and  zircon.  The  microperthite  and 
labradorite  of  the  phenocrysts  and  the  hornblende,  biotite,  and  oligo- 
clase  of  the  ground  mass  are  really  the  essential  constituents.  The 
pleochroism  of  the  hornblende  seems  to  indicate  that  it  is  less  alka- 
ine  than  the  araphibole  of  the  matrix. 
a,  pale  yellowish  green. 

^  grayish  green  (absorption  medium  to  strong). 
c,  grass-green  to  leek-green  (absorption  medium  to  strong). 
b  =  c  >  a. 

As  already  noted  above,  these  segregations  characteristically  contain 
light-colored,  coarsely  crystalline  areas  from  1  to  2  centimeters  in 
diameter,  similar  in  composition  to  the  normal  syenite  of  phase/,  i.  e. 
equigranular  aggregates  of  alkali-feldspar  and  bisilicates.  These 
have  the  appearance  of  having  functioned  as  centers  of  crystallization 
during  the  growth  of  the  nodule,  although  there  is  a  complete  absence 
of  both  radial  and  concentric  structure  in  the  nodules.®  In  no  case 
was  there  observed  an  approach  to  the  "Kugelstruktur"  of  the  rock 
at  Virvik  or  at  the  well-known  Corsican  locality. 

The  specific  gravity  of  the  average  segregation  is  near  2.850,  and  is 
thus  considerably  higher  than  that  of  the  matrix,  and  still  higher  than 
that  of  the  molten  magma  which  represented  the  yet  uncrystallized 
matrix.  Unless  that  matrix  possessed  a  high  degree  of  viscosity  dur- 
ing the  formation  of  the  nodules,  they  must  have  sunk  down  in  the 
magma,  and  we  might  expect  to  find  them  concentrated  in  the 
lower  part  of  the  conduit;  yet  they  appear  to  be  distributed  in  about 
equal  average  proportion  in  all  parts  of  the  stock  where  the  porphy- 
ritic  phase  was  found,  whether  at  the  summit  or  2,000  feet  vertically 
below.  This  fact  agrees  with  the  absence  of  flow  structure  in  the 
rock  in  forcing  us  to  take  the  view  that  the  segregations  do  not  belong 
to  the  preemptive  period,  as  advocated  by  Lacroix,  Michael  L6vy, 
Graber,  and  others  for  other  occurrences.  The  nodules  had  best  be 
referred  to  an  early  stage  in  the  actual  consolidation  of  the  syenite 
already  occupying  its  conduit. 

The  accompanying  Table  VIII  (col.  1)  shows  the  analysis  of  the 
average  segregation  from  phase  g  (spec.  66).  Columns  3,  4,  and  5 
give,  for  purposes  of  comparison,  the  analyses  of  classic  essexite, 
<.*las8ic  monzonite,  and  an  average  diorite. 

The  essential  raineralogical  composition  of  these  rocks  is  as  follows: 

1.  Oligoclase,  microperthite,  cryptoperthite,  acid  labradorite,  microcline,  ortho- 
clase,  hornblende,  biotite,  augite. 

2.  Microperthite,  hornblende,  orthoclase. 

8.  Labradorite,  orthoclase  (nepheline) ,  angite,  biotite,  barkevikitic  hornblende 
(olivine). 

4.  Orthoclase,  oligoclase,  andesine,  labradorite,  angite,  green  hornblende, 
biotite. 


«Cf.  ChrustBchofT,  M6m.  Acad.  imp.  »ci.  St.  P^tersbourg,  Ser.  VII,  Vol.  XLII,  No.  3, 1891,  p  86. 
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Table  YUl,— Analyses  of  basic  segregations^  etc. 

3.  4.  5. 


SiO, 

AM), 

FeA    

FeO 

MgO 

CaO 

Na,()  .     

K,0 

H,0  above  110  C 
HjObelowllO'C- 

CO, 

TiO, .... 
ZrO,  -    . . 

PA 

CI 

F 

FeS, 

NiO,  C()0 

MnO 

BaO -- 

SrO 


LijO Trace 


56.51 

56.58 

16.59 

16.47 

i.a5 

1.58 

6.59 

5.40 

2.52 

2.67 

4.96 

4.90 

5.15 

5.59 

3,05 

3.80 

0.71 

(r.6o 

0.21 

0.28 

0.83 

0.05 

1.20 

1.40 

0.04 

0.08 

0.41 

0.27 

0,07 

0.07 

0.24 

0.19 

0.06 

Trace 

Trace? 

Trace 

0.24 

0.20 

0.03 

Trace 

Trace 

Trace 

Trace 

Trace 

47,94 

55.88 

17.44 

18.77 

6.84 
6.51 

«8.20 

2.02 

2.01 

7.47 

7.00 

5.63 

8.17 

2.79 

8.67 

2.04 

1.25 

56.52 
16.31 
4.28 
5.92 
4.32 
6.94 
3.43 
1.44 

1.03 


0.20 


100.26  99.98 

0=F,a I    0.11  0.09 

1 100. 15     ,  99,89 

Total  S 0. 08  Trace 

Sp.gr .     -   -       I     2.849  2.756 


1.04 


0.25 


0.40 


99.92         99.95  i     100.98 


«  With  MnO. 

1.  Basic  segregation  in  phase  g  of  Main  nordmarkite  stock;  analysis  by  Hille- 
brand. 

2.  Basic  segregation  in  dike  of  bomblende-paisanite,  Ascatney  Mormtain; 
analysis  by  Hillebrand. 

3.  Classic  essexite,  Salem  Neck,  Salem,  Mass.;  analysis  by  Dittrich. 

4.  Average  analysis  of  monzonite,  according  to  Br6gger,  Die  Emptivgesteiiie 
des  Kristianiagebietes,  Vol.  II,  1895,  p.  39. 

5.  Average  analysis  of  sixteen  typical  diorites,  according  to  Br5gger,  ibid., 
p.  87. 

There  is  a  relationship  of  the  segregation  with  each  of  these  tyx)e8, 
though  that  with  monzonite  is  the  closest.  The  writer  has  seen  in 
the  laboratoiy  of  M.  Fouqu6,  in  Paris,  thin  sections  of  monzonite  from 
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Predazzo,  made  from  a  contact  phase  of  that  rock.  The  structure  and 
the  small  proportion  of  monoclinic  feldspar  showed  close  similarity 
of  this  phase  of  the  monzonite  with  the  Ascutney  segregations. 

Two  other  phases  of  the  Main  stock  may  be  noted,  not  only  on 
account  of  their  importance  in  the  field  but  also  because  they  repre- 
sent interesting  extremes  in  the  differentiation  of  the  syenitic  magma. 

Phase  h  out<;rops  extensively  in  a  belt  about  400  yards  (366  meters) 
wide  and  adjacent  to  the  contacts  with  diorite  and  gneiss  on  the  north- 
west side  of  the  mountain.  It  is  probably  a  special  part  of  the  endo- 
mbrphic  zone  of  the  stock,  as  the  phase  has  not  been  found  anywhere 
else  than  in  the  belt  specified  (spec.  34).  This  member  of  the  rock 
body  is  composed  essentially  of  micropei-thite,  usually  in  Carlsbad 
twins,  and  an  amount  of  quartz  sufficient  to  place  the  rock  among  the 
granites.  Biotite,  diopside,  zircon,  and  magnetite  are  the  accessories, 
but  make  up  probably  no  more  than  1  per  cent  of  the  rock.  One  grain 
of  garnet,  another  of  what  is  doubtless  corundum,  two  individuals  of 
a  brown  hornblende,  and  a  few  needles  of  apatite  were  discovered  in 
the  two  sections  that  have  been  prepared  from  this  phase. 

The  original  color  of  the  rock  is  due  to  the  feldspar  and  is  a  striking 
dark  oil  green,  which  is  permanent  in  the  hand  specimen,  and  doubt- 
less represents  a  lat^  stage  in  the  series  of  color  changes  already 
described  for  the  quarry  rock.  The  structure  is  often  fluidal  or 
trachytic  as  governed  by  the  tabular  feldspars. 

To  form  an  idea  of  the  relative- proportions  of  the  soda  and  potash 
molecules  in  the  rock  the  specific  gravity  of  some  thirty  cleavage  pieces 
of  the  feldspar  was  determined.  Specific  gravity  could  be  safely  relied 
iipon  on  account  of  the  freshness  of  the  rock  and  on  account  of  the  lack 
of  inclusions  in  the  feldspar.  The  average  for  the  thirty  pieces  was 
2.594  at  22°  C. ;  the  range  of  specific  gravity  was  from  2.582  to  2.612. 
The  extinction  angles  showed  that  the  albite  of  the  intergrowth  is 
nearly  pure  and  has  only  a  very  small  intermixture  with  the  lime  mole- 
cule. Accepting  Brogger's  values  for  the  specific  gravities  of  pure 
albite  and  pure  orthoclase  the  average  for  this  rock  corresponds  to  a 
microperthite  in  which  the  two  silicates  occur  in  about  equal  propor- 
tion, with  the  albite  the  more  abundant.  The  specific  gravity  of  the 
rock  is  2.616  at  the  same  temperature.  If  we  assume  that  the  ratio 
Ab:  Or=41: 35  as  in  the  granitic  phase,  that  the  lime  is  1  per  cent  of 
the  rock  and  the  accessories  1  per  cent,  there  would  be  about  20 . 
per  cent  quartz  in  the  rock.  This  rough  estimate  agrees  with  that 
made  by  inspection  of  the  thin  sections.  This  phase  is  thus  a  true 
alkaline  granite  at  the  extreme  end  of  the  series  which  leads  to  a  rock 
with  the  composition  of  an  aplite  while  preserving  the  hypidiomorphic- 
granular  structure.  A  very  similar  rock  occurs  near  Stratford,  N.  II. , 
Albany,  N.  H.,  and  Stark,  N.  H.  These  are  illustrated  in  the  collec- 
tion of  Professor  Rosenbusch  at  Heidelberg.  They  all  possess  a 
higher  proportion  of  bisilicates  than  phase  h. 
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Another  variety  of  true  granite,  into  which  the  syenit-e  is  transi- 
tional, outcrops  at  the  main  summit  of  the  mountain.  It  has  the 
ordinary  pinkish  color  of  the  average  syenite  of  the  stock.  The  com- 
position is  essentially  the  same  as  that  just  described  for  phase  h, 

Pha.se  i. — Near  the  most  westerly  triple  contact  of  granite  stock, 
syenite  stock,  and  phyllites,  a  fourth  phase  of  the  syenite  was  speedily 
noted  in  the  field  as  unlike  all  the  others  in  bearing  an  unusual 
amount  of  dark-colored  minerals  (spec.  111).  The  light-gray  feld- 
spars still  give  the  dominant  tone  of  color  to  this  phase,  which  is  als# 
alkaline.  The  structure  is  that  of  phase/,  equigranular;  the  grain 
is  somewhat  coarser.  Basic  segregations  fail  altogether  or  are  very 
rare.  The  chief  mineralogical  difference  between  this  phase  and  the 
others  is  found  in  the  character  of  the  feldspars.  Triclinic  feldspar 
is  now  one  of  the  chief  essentials.  It  varies  in  composition  from  the 
labradorite  AbgAn^  to  the  andesine  Ab4An3.  Microperthite  and  ortho- 
clase,  hornblende,  diopside,  and  biotite,  with  the  properties  of  these 
minerals  in  phase/,  are  the  other  essentials;  the  same  accessories  are 
found  hei*e  excepting  allanite,  monazite,  and  garnet.  In  addition 
there  is  a  second  hornblende  among  the  essentials,  with  the  following 
scheme  of  pleochroism  and  absorption: 

a,  Yellowish  brown. 

b,  Deep  brown  to  black,  with  specially  strong  absorp- 

tion. 

c,  Deep  brown,  with  a  trace  of  olive-green. 
b>c  >  a. 

The  augite  occurs  only  as  cores  in  intergrowth  with  hornblende. 
Quartz  is  very  subordinate  among  the  accessories. 

The  basic  character  of  this  phase,  its  richness  in  bisilicate,  the 
presence  of  much  essential  andesine-labradorite,  coupled  with  the 
alkaline  habit  of  the  rock,  are  properties  which  relate  the  rock  closely 
to  monzonite.  The  resemblance  of  the  Ascutney  hand  specimens  and 
those  from  the  classic  locality  of  Mount  Mulatto  is  very  striking. 

ENDOMORPHIC   ZONE   OF  THE  SYENITE  STOCK. 

All  four  phases  of  the  stock  are  habitually  more  acid  near  the  contact 
than  elsewhere.  Free  quartz  is  even  macroscopically  so  dominant  that 
the  contact  rock  stamps  itself  as  a  true  granite.  The  usual  chilling 
phenomena  occur  within  a  narrow  zone  not  more  than  20  feet  across. 
Three  feet  from  the  contact  the  feldspar  and  quartz  become  idiomorphic 
and  are  embedded  in  a  microcrystalline,  often  granophyric,  ground- 
mass,  and  a  granite-porphyry  is  thus  developed.  Apophyses  fail  to 
show  as  much  bisilicate  as  the  parent  rock  body,  have  more  free  quartz, 
and  tend  toward  the  structure  of  a  typical  aplite.  Excellent  examples 
may  be  studied  among  some  thick  sheets  on  the  north  slope  of  the 
mountain,  below  the  quarry.     This  endomorphic  increase  of  silica  is 
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paralleled  in  the  Cliristiania  region,  where  angite  granite  oceura  as 
the  contact  phase  of  angite  syenite  rich  in  nepheline." 

GREAT  SYENITE-PORPHYRY  DIKE  OF  LITTLE  ASCUTNEY 

MOUNTAIN. 

The  stock-like  dike  to  which  Little  Ascutney  chiefly  owes  its  exist- 
ence is  remarkable  for  following  in  its  general  east-west  course  the 
zone  of  contac^t  between  the  diorite  and  gneiss  (PI.  VII  and  fig.  1). 
Throughout  its  whole  extent  the  south  wall  of  the  dike  is  schist  and  the 
north  wall  is  either  diorite  or  the  green  dike  mapped  as  *'  paisanite." 
This  replacement  of  the  zone  of  contact  rocks  by  a  lat-er  intrusive  is 
undoubtedly  due  to  the  weakness  of  that  zone,  which  is  elsewhere 
evident  in  the  extensive  brecciation  and  crumpling  of  the  schistose 
rock.  Small  apophyses  from  the  dike  into  both  schist  and  diorite 
clearly  prove  the  syenite-porphyry  to  be  the  younger  rock. 

The  dike  is  quite  uniform  in  composition  from  end  to  end,  though 
there  is  a  coarsening  of  grain  from  the  walls  toward  the  center.  The 
rock  is  almost  the  exact  equivalent  of  the  average  porphyritic  phase 
of  the  Main  syenite  stock,  and  a  detailed  description  is  therefoi*e 
unnecessary  (spec.  76).  Hornblende  and  biotite  are  the  essential 
dark-colored  minerals.  They  and  the  feldspars  again  display  a  great 
amount  of  magmatic  corrosion ;  this  caustic  action  is  here,  as  so  often 
elsewhere  in  alkaline  rocks,  responsible  for  the  rarity  of  idiomorphic 
boundaries  among  the  phenocrysts,  as,  indeed,  it  may  be  responsible 
for  the  general  rarity  of  porph>Titic  dike  representatives  of  the  alka- 
line magmas  as  a  whole.  Plagioclase  seems  to  be  entirely  absent 
from  this  rock  except  in  the  form  of  a  few  rare  phenocrysts  of  an 
acid  oligoclase.  Microperthite  is  not  so  abundant,  either  in  the 
groundmass  or  among  the  phenocrysts,  as  it  is  in  the  porphyritic 
phase  of  the  Main  syenite  stock. 

The  dike  is  to  be  classified  as  a  nordmarkHe-porphyry, 

Dark  patches  of  basic  material  are  very  common  in  this  dike. 
They  are  roundish  in  form  and  vary  from  a  fraction  of  an  inch  to  3 
or  4  inches  in  diameter.  In  color  and  general  macroscopic  appear- 
ance they  are  similar  to  the  nodules  from  phase  g  in  the  Main  stock. 
The  correspondence  is  more  fully  shown  in  the  thin  section.  The 
same  constituents  are  present  as  in  the  typical  segregation  of  the 
Main  stock  and  in  the  same  relative  amounts.  That  exception  is 
significant.  Both  in  the  phenocrystic  constituents  and  in  the  ground- 
mass  of  the  nodule  microperthite  is  not  so  abundant  as  in  the  nodules 
from  phase  g.  This  fact  indicates  another  proof  of  close  sympathy 
between  nodule  and  host  and  of  the  indigenous  origin  of  the  latter. 
The  nodules  themselves  add  another  eAidence  to  the  community  of 
origin  between  this  dike  and  the  Main  stock.  There  can  be  little 
doubt  that  the  two  intrusions  were  products  of  essentially  contem- 
poraneous eruptions  from  a  common  magma. 


a  Zelt.  fttp  Kryst.,  Vol.  XVl,  1890,  p  887. 
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SYENITE  STOCK  OF  PIERSON  PEAK. 

The  same  may  Ik*  said  of  the  small  stock  of  Pierson  Peak.     The 
plan  of  tliis  rock  iKxiy  is  elliptical.     The  longer  axis  meavsures  400 
yards  (3GG  meters),  running  about  N  70°  E;  the  minor  axis  measures 
175  yards  (160  meters).     Coarse-grained  apophyses  prove  the  intru- 
sive origin  of  the  rock.     It  is  unifoimly  a  coarse-grained,  light  gray 
to  light  pinkish-gray  alkaline  syenite,  with  a  proportion  of  dark 
colored  constituents  which  is  low  even  in  comparison  with  the  phases 
of  the  Main  stock  (spec.  62).     The  structure  is  the  typical  hypidio- 
morphic-granular,  the  order  of  crystallization  that  of  phase/  of  the 
Main  stock.     Microperthite,  orthoclase,  and  biotite  are  the  essentials. 
Quartz,  hornblende,  augite,  apatite,  and  zircon  are  all  notably  rare 
accessories;  more  important  ai*e  titaniferous  magnetite  and  titanite, 
the  latter  being  unusually  abundant.     Basic  segregations  fail  alto- 
gether or  are  extremely  rare.     The  endomorphic  zone  is  characterized 
by  an  almost  complete  lack  of  colored  constituents  and  of  quartz. 

All  the  minerals  have  the  same  characters  as  in  the  granular  phases 
of  the  Main  stock.  The  rock  is  a  nearly  quartzless  biotite-nord- 
markite,  or  pidaakife.  The  writer  proposes  that  the  existing  diffi- 
culty of  differentiating  these  two  rock  types  (compare  cols.  4  and  5, 
Table  VII,  p.  59)  be  obviated  by  confining  the  name  "pulaskite"  to  a 
rock  which  is  in  all  other  respects  the  equivalent  of  the  nordmarkit^'s 
except  in  the  absence  or  sulK)rdination  of  accessory  free  quartz  amon^ 
the  constituents.  Excepting  for  a  higher  proportion  of  bisilicates  in 
the  Arkansas  syenite,  it  would  be  hard  to  distinguish  macroscopically 
this  Ascutney  rock  from  the  classic  pulaskite  of  Fourche  Mountain; 
there  is  similar  close  parallelism  with  a  geographically  remote  occur- 
rence of  the  same  type — that  of  Portella  des  Eiras  at  Monchique, 
Portugal. 

APLITIC  DIKES  CITTTING  THE  SYENITES. 

Three  kinds  of  acid  dikes  have  been  found  cutting  the  various  sye- 
nites of  the  area.  Two  of  these  are  intimately  related  to  the  stock 
phases;  the  third  has  variant  features.  It  may  be  noted  that  there 
is  an  unusual  lack  of  pegmatite  veins  both  in  the  syenites  and  else- 
where about  Ascutney. 

PAISANITE  DIKE  CUTTING  THE  MAIN  STOCK. 

On  the  logging  road  running  up  from  a  sawmill  on  the  northwest 
slope  of  Ascutney  Mountain  proper,  toward  the  main  summit,  a  dike 
was  discovered  in  the  dark-green  granular  phase /of  the  Main  stock 
at  about  the  1,600-foot  contour  (see  PI.  VII).  The  general  trend  of  the 
dike  is  northeast-southwest,  but  at  the  road  it  bifurcates  into  two 
branches — one,  40  feet  (12  meters)  wide,  striking  N.  40^  E. ;  the  other, 
50  feet  (15  meters)  wide,  striking  N.  25^  E.  The  dike,  as  a  whole,  is 
visible  only  for  about  100  yards  (91  meters);  at  each  end  its  continua- 
tion is  lost  in  the  underbrush  and  talus  of  the  steep  mountain  Bide. 
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The  rock  is  a  light-tinted,  pinkish-gray,  pepper-and-salt,  fine-grained , 
somewhat  porphyritic  aggregate  of  mieroperthite,  soda-orthoclase, 
quartz,  and  alkaline  hornblende,  abundantly  charged  with  basic  seg- 
regations, with  kernels  of  biotite  and  hornblende,  and  with  pyroclastic 
feldspars  won  from  the  coarse  syenite  through  which  the  dike  passed 
during  Intrusion  (spec.  139).  The  general  habit  is  suggestively  like 
that  of  the  porphyritic  phase  g  of  the  Main  stock,  and  we  must  believe 
that  the  two  are  products  of  the  same  magma.  Yet,  as  we  have  seen, 
the  implication  that  phase  /  and  phase  g  are  of  different  ages  (the 
former  being  cut  by  the  latter)  does  not  agree  with  the  fact  of  obser- 
vation in  the  field.  It  is  probable  that  there  was  not  a  great  interval 
of  time  between  the  intrusion  of  the  Main  stock  and  that  of  this  dike. 

The  dike  is  characterized  by  a  conspicuous  platy  structure  due  to 
jointing,  and,  near  its  walls,  exhibits,  for  the  space  of  a  foot  or  two 
from  the  contacts,  a  strong  fiuidal  character  which  is  the  more  pro- 
nounced as  the  basic  segregations  have  shared  in  the  movement  and 
are  pulled  out  in  long,  dark-colored  streaks  in  the  dike. 

The  phenocrysts  are  either  mieroperthite  or,  more  rarely,  ortho- 
clase;  they  are  specially  abundant  and  are  difftcult  to  distinguish 
from  the  pyroclastic  feldspars.  The  texture  of  the  rock  is  really  con- 
trolled by  the  groundmass,  the  structure  of  which  is  aplitic  or  panal- 
lotriomorphic.  It  is  composed  of  mieroperthite,  quartz,  and  brown 
hornblende,  with  properties  identical  with  those  of  phase  /  in  the 
Main  stock.  The  hornblende  always  occurs  in  the  form  of  small, 
poikilitic,  and  greatly  resorbed  grains.  No  biotite,  diopside,  or  pla- 
gioclase  were  discoverable.  Titanite,  ilmenite,  zircon,  and  apatite 
are,  as  usual,  the  accessories. 

The  pyroclastic  feldspara  are  of  special  interest.  They  occur  as 
single  individuals  or  as  groups  (with  interstitial  quartz)  of  the  same 
structure  and  grain  as  the  country  rock  of  the  dike  itself.  Close  study 
in  the  field  showed  conclusively  that  they  are  of  pyroclastic  origin. 
Their  presence  in  the  still  unconsolidated  dike  affected  its  crystalli- 
zation, so  that  many  of  these  foreign  feldspars  are  surrounded  by  typi- 
cal reaction  rims  of  material  considerably  more  basic  than  the  aver- 
age groundmass  of  the  dike.  The  usual  appearance  of  the  feldspar 
inclosure  with  its  basic  aureole  is  illustrated  in  PL  IV,  B  (p.  58).  The 
feldspar  in  this  case  is  soda-orthoclase,  and  in  the  reaction  of  the  exten- 
sively corroded  feldspar  with  the  matrix,  the  bisilicate  of  the  reaction 
rim  is  even  more  strongly  charged  with  soda  than  the  brown  horn- 
blende of  the  average  groundmass.  The  rim  is  an  interlocking  aggre- 
gate of  mieroperthite  and  amphibole,  with  abundant  magnetite  and 
some  zircon  and  apatite.  The  amphibole  has  bluish  tones,  as  indica- 
ted by  the  scheme  of  pleochroism  and  absorption. 

a,  brownish  yellow. 

b,  deep  blue-green. 

0,  deep  chestnut-brown,  with  a  tinge  of  blue  on  the  edges. 
b>o>a,  or  perhaps  b=o>a. 


Digitized  by 


Google 


72  OKOLO<iy    OF   ASCCTNKY   MOUNTAtN,  VERMONT.         Ibill.  2i» 

The  extinction  r:c  is  about  19°. 

This  same  hornblende  forms  minute  basic  segregations  varying  in 
size  up  to  1  or  2  millimeters  in  diameter.  These  lie  in  the  general 
groundma^s  of  the  dike,  and  are  not  directly  connected  with  the  pyro- 
clastic  feldspars.  Other  segregations  or  replacements  which  recall 
the  ''kernels"  of  the  Main  syenite,  and  yet  show  somewhat  different 
composition  and  structure,  also  occur  in  the  gronndmass.  One  of 
these  is  illustrated  in  PI.  V,  A  (p.  G2).  It  is  composed  entirely  of  a 
faintly  pleochroic,  yellow  to  light-brown,  biotitic  mica  arranged  in 
alternating  concentric  zones  with  a  blue  hornblende.  The  pleochro- 
ism  of  the  latter  is: 

a,  pale  straw-yellow. 

b,  deepish  green-blue. 

c,  blue,  with  a  tra<»e  of  green. 
c  about=b>a. 

The  origin  of  these  concentrically  arranged  mica-hornblende  aggre- 
gations has  not  yet  been  determined.  Their  resemblance  to  the  ker- 
nels of  the  Main  syenite,  which  have  been  interpreted  as  magmatie 
pseudomorphs,  is  only  partial.  Especially  difficult  of  understanding 
is  the  recurrence  of  the  zones  of  mica  and  hornblende. 

BASIC   SEGREGATIONS. 

The  usual  basic  segregation  of  the  dike  is  very  similar  to  that  in  the 
porphyritic  phase  of  the  Main  syenite  (spec.  141).  It  is  a  dark-gray, 
mottled  aggregate  of  phenocrysts  and  p>  roclastic  feldspars  surrounded 
by  a  dense,  granular  groundma«»s  of  panallotriomorphic  brown  horn- 
blende, microperthite,  and  orthoclase.  Here  there  can  be  no  doubt 
that  the  segregation  grew  under  the  directing  influence  of  the  large 
feldspars  now  seen  within  their  mass,  for  the  segregation  of  basic 
material  is  decidedly  more  pronounced  in  the  immediate  vicinity  of 
the  feldspars  than  elsewhere  in  the  nodules.  The  nodules  vary  in 
size  up  to  2  or  3  inches  (5.2  to  7.8  cm.)  in  diameter.  In  one  slide  a 
large  crystal  of  pale-green  augite  with  a  mantle  of  green  hornblende 
was  found,  suggesting  that,  after  all,  the  kernels  of  this  rock  may 
have  been  derived  from  that  mineral  through  magmatie  influences. 
The  hornblende  of  these  larger  segregations  has  a  bluish  cast,  and 
seems  to  belong  to  a  variety  of  amphibole  intermediate  between  the 
hornblende  of  the  reaction  rini  described  above  and  the  normal  horn- 
blende of  the  Main  syenite.  The  specific  gravity  of  a  typical  segre- 
gation was  found  to  be  2.756;  that  of  the  parent  rock,  2.633. 

The  chemical  analysis  of  the  average  matrix  in  which  the  basic 
segregations  lie  is  given  in  the  Table  IX,  col.  1,  p.  75;  that  of  an  aver- 
age segregation  from  the  dike  is  entered  in  Table  VIII,  col.  2,  p.  66. 
The  structure  and  composition,  both  mineralogical  and  chemical, 
relate  the  dike  most  intimately  with  jmLsande,  as  described  by  Osann 


Digitized  by 


Google 


i>ALY.]        PAISANITE   DIKE   ON   LITTLE   ASClTTNEY   MOUNTAIN.  73 

(see  Table  IX,  column  5).  If  we  assume  th«it  there  is  5  per  cent  of 
soda  in  the  hornblende,  and  that  that  mineral  makes  up  3  per  cent  of 
the  rock  (a  fair  estimate  after  inspection  of  the  slide),  the  mineral  com- 
position of  the  rock  can  be  thus  roughly  determined  as  the  following: 

Per  cent. 

Albite  molecule 36.4 

Orthoclase  molecule _ 29. 6 

Quartz 29.5 

Hornblende. 3.0 

Titanite 5 

Other  accessories 1.0 

100 

The  analysis  of  the  segregation  does  not  lend  itself  to  calculation 
on  account  of  the  abundance  of  the  hornblende,  the  constitution  of 
which  is  unknown.  The  essential  equivalence  of  this  analysis  and 
that  of  the  basic  segregation  from  phase  g  of  the  Main  syenite  is 
striking.  Again,  among  normal  rocks,  we  must  go  to  the  monzo- 
nites  for  the  nearest  allies,  chemically  speaking,  to  these  nodular 
masses.  Mineralogically,  the  greatest  difference  between  segregation 
and  its  matrix  is  found  in  the  absence  of  triclinic  feldspar  in  the 
former. 

COMMON  MUSCOVITE-APLITE  OF  THE   MAIN  STOCK. 

Due  south  of  the  Windsor  quarry,  at  the  2,350-foot  contour,  a  dike 
about  1  foot  (0.3  meter)  in  diameter  traverses  the  syenite  at  a  point 
where  the  latter  is  porphyritic  and  full  of  segregations.  No  other 
dike  of  the  same  composition  has  been  discovered  in  the  area,  but  it 
is  highly  probable  that  others  exist.  This  dike  is  a  typical  aplite,  a 
panallotriomorphic  sugary  mixture  of  quartz,  orthoclase,  and  albite, 
with  a  little  microperthitic  feldspar  and  a  few  shreds  of  muscovite 
(spec.  191).  The  last  mentioned  mineral  occupies  certain  areas  in 
the  thin  section  as  if  it  is  secondary  after  feldspar;  in  other  cases, 
patches  of  matted  quartz  and  muscovite  represent  the  filling  of  small 
miaroles  which  are  common  in  the  rock.  Numerous  miarolitic  cavi- 
ties bearing  terminated  quartz  crystals  and  muscovite  plates  are 
visible  in  the  hand  specimen. 

PAISANITE  DIKE  ON  LITTLE  ASCUTNEY  MOUNTAIN. 

On  referring  to  the  plan  of  Little  Ascutney  intrusives  (fig.  1)  it 
will  be  seen  that  there  is  intercalated  between  the  great  syenite- 
porphyry  dike  of  that  ridge  and  the  diorites  on  the  north  a  second 
interrupted  dike,  which  thus  entered  the  same  zone  of  weakness  at 
the  schist-contact  as  that  earlier  followed  by  the  porphyry.  This 
second  dike  is  much  smaller  than  the  first,  but  measures,  neverthe- 
less, about  50  yards  (46  metew)  in  width  at  the  broadest  part.  It  is, 
probably  this  rock  that  was  referred  toby  Hawes  as  the  **granitell 
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of  Little  Aseiitney.""  It  sends  apophysal  tongues. into  the  diorite 
and  in  similarly  ])elieved  to  l)e  younger  than  the  porphyr^^  although 
only  on  account  of  the  chilling  phenomena  observed  in  hand  speci- 
men and  slide  from  the  smaller  dike  where  it  is  in  contact  with  the 
other. 

Hints  as  to  the  relationship  of  this  dike  are  to  be  found  in  the  ledge 
and  hand  specimen.  When  quite  fresh  the  rock  is  a  fine  pale  gray 
with  a  blue  tone;  in  a  few  days  it  changes  color  to  the  same  hand- 
some olive-gray  green  which  has  been  described  as  characteristic  of 
the  Windsor  quarry  rock.  The  resemblance  between  the  two  rocks  is 
also  manifest  in  the  way  in  which  they  fracture,  and  in  the  peculiarly 
vibrant  musical  note  given  out  when  a  large  fragment  is  struck  with 
the  hammer.  Certain  of  the  finer-grained  streaks  in  the  quarry  can 
hardly  be  distinguished  from  the  green  dike  in  the  hand  specimen. 


soo  feat 


u^^^      Em      'mm      ^m      mum 

CamplonrtediKCS       Paisanite     Nordmorkiteporphyry  Diorlla  Breccia 

Fio.  1.— Sketch  plan  of  intrusive  rooks  on  Little  Aacutney  Mountain. 

The  rock  is  a  ver}-  fine-grained  t>T)ical  aplite  with  a  sugary,  panal- 
lotriomorphic  structure  (spec.  60).  The  essential  minerals  are  nearly 
the  same  as  in  the  paisanite  just  described  from  the  main  mountain. 
Quartz  is,  however,  quite  prominent  among  the  phenocrystic  indi- 
viduals which  are  otherwise  composed  of  microperthite,  either  in 
separate  crystals  or  in  groups.  The  same  constituents,  with  crypto- 
perthite  and  an  alkali-iron  hornblende  identical  in  characters  with 
that  of  the  Windsor  quarry  rock,  are  the  essentials  in  the  groundmass. 
The  quartz  and  feldspar  '*plienocrysts'' ai*e  connected  through  all 
stages  of  transition  with  the  same  minerals  of  the  groundmass,  and  it 
is  probable  that  there  has  been  but  one  generation  of  these  essentials. 
The  hornblende  is  strikingly  poikilitic,  as  if  corroded  in  the  extreme. 
Biotite,  oligoclase,  magnetite,  apatite,  and  zircon  occur  as  accessories. 

aQeology  of  New  HampBhipe,  Vol.  m,  part  4, 18T8,  p.  «•. 
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TabIiB  IX. — Analyses  ofpaisanites  and  other  rocks. 


SiO, 78.69 

A1,0, '  12.46 

1.21 
1.75 
0.17 
0.86 
4.47 
4.92 
0.24 


Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 ._ 

H,0  above  110°  C. 

H,0  below  110°  C i    0.14 

CO,- - I  Trace 

TiO, - - I    0.28 

ZrO, 0.14 

PjOj    0.04 

CI - 0.02 

F 0.05 

FeS, - - 

MnO --- ...     0.15 

BaO 

SrO 'Fainttr 

LijO - -     Trace? 

CnO Trace 


2. 


o=F,a- 

TotalS.. 
Sp.gr  .- 


100.09 
0.02 


78.08 
18.48 
0.40 
1.49 
0.14 
0.79 
4.91 
4.54 
0.86 
0.18 
Trace? 
0.80 
0.06 
0.06 
0.03 
0.08 
0.09 
0.15 
Trace 
Trace 
Trace 
? 

100.08 
0.04 


77.14 
12.24 
0.29 
1.04 
I  0.06 
0.85 
4.64 
4.47 

I  «0.14 


0.29 


66.50 
16.25 
2.04 
0.19 
0.18 
0.85 
7.52 
5.58 

<»0.50 


78.85 
14.88 
1.96 
0.84 
0.09 
0.26 
4.88 
5.66 


6. 


0.70 


J. 


Trace 


Trace 


0.20 


100.66  :  100.46 


100.37 


100.07       99.99 

0.05 

2.638  1    2.628 


70.19 
11.96 
4.94 
1.18 
0.16 
0.65 
5.78 
4.06 


0.48 


99.94 


aLoes  on  ifirnltion. 

1.  Homblende-paisanite  dike  cutting  Main  syenite.  Ascntney  Mountain;  analy- 
sis by  Hillebrand. 

2.  Homblende-paisanite  dike  cutting  nordmarkite-porphyry.  Little  Ascntney; 
analysis  by  Hillebrand. 

3.  Lestivarite,  Bass  rocks,  Gloucester,  Essex  County,  Mass.;  analysis  by  Wash- 
ington, Jour.  Geol.,  Vol.  VH,  1899.  p.  107. 

4.  Classic   lestivarite,  Brogger,  Die    Emptivgesteine  des  Elristianiagebietes. 
Vol.  m,  1898,  p.  216;  analysis  by  V.  Schmelck. 

5.  Classic  i)aiBanite,  Osann,  Tscher.  Miner,  u.  Petrog.  Mitth.,  Vol.  XV,  1896, 
p.  489. 

6.  Average  grorudite.  according  to  Br6gger,  Die  Emptivgesteine  des  Kristiania- 
gebietes,  Vol.  1, 1894,  p.  68. 
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The  chemical  analysis  of  this  rock  is  given  in  Table  IX,  column  2, 
along  with  that  of  other  rocks  of  relate<l  types.  Their  corresponding 
essential  mineralogical  composition  is  as  follows : 

1.  Microperthite.  soda-orthoclaBe.  quarts,  alkaline  homUende. 

2.  Microperthite,  qnartz,  soda-orthoclase,  nlkallne  homhlende. 

3.  Microperthite.  other  alkaline  feldspar,  qnartz,  homhlende.  biotite. 

4.  Cryptoperthite.  fegirine. 

5.  MicToperthite,  cryptoperthite,  qnartz,  riebeckite. 

6.  Quartz,  microperthite,  microcline,  albite,  soda-orthoclase.  s^irine,  catoforite. 

The  molecular  proportions  for  the  Ascutney  rock  have  been  calcu- 
lated as  follows: 


SiO,-- 
AV), 
Fe,(), 
FeO.. 
MgO- 
CaO  . 
Na,0. 

TiO, 
ZK),  . 


ADAlysis. 

Hcdeeolar 
proportions. 

73.03 

1.2165 

13.43 

.1313 

0.40 

.0035 

1.49 
...  j          0.14 

.0207 
.0035 

0.79 

.0141 

4.91 

.0792 

1 
.1          4.54 

.0484 

0.30 

.0038 

.     .           0.06 

.0005 

0.06 

.0004 

If  we  suppose  that  the  hornblende  has  10  per  cent  lime,  3  per  cent 
soda,  and  40  per  cent  silica  (not  far  from  the  proportions  of  those 
oxides  in  barkevikite),  we  can  get  an  approximate  idea  of  the  quan- 
titative mineral  composition  of  the  rock.  On  these  suppositions  the 
albite  molecule  would  make  up  40  per  cent  of  the  rock.  The  propor- 
tion of  the  same  molecule  would  be  38  per  cent  if  the  hornblende  were 
5  per  cent  soda,  and  41.5  per  cent  if  all  the  soda  were  in  the  feldspar. 
The  results  of  the  calculation,  based  on  an  accurate  knowledge  of  the 
composition  of  all  the  minerals,  would  not  be  far  from  the  following: 

Per  cent. 

Albite  molecule  _ 40 

Orthoclase  molecule 27 

Quartz 27 

Anorthite  molecule 2 

Hornblende 3 

Accessories 1 

100.0 

A  comparison  of  columns  1,  2,  and  5  in  Table  IX  shows  at  once  the 
thorough  similarity  of  this  rock  to  classic  paisaniie  and  to  the  great 
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aplite  dikes  on  the  northwest  side  of  the  main  mountain.  The  last 
mentioned  we  have  seen  to  be  an  acid  representative  of  the  porphy- 
ritic  phase  of  the  Main  stock;  in  the  same  way  the  Little  Ascutney 
paisanite,  in  its  composition,  evanescent  color,  and  freedom  from 
basic  segregations,  is  closely  allied  to  the  granitic  phase  of  the  same 
stock.  Both  of  the  Ascutney  paisanites  are  allied  to  grorudite  (column 
6)  and  to  the  ''lestivarite"  of  Essex  County  (column  3)  which,  how- 
ev^er,  is  a  type  considerably  divergent  from  classic  lestivarite 
(column  4). 

BRECCIA  MASSES  ON  r.IT*rJLK  ASCUTNEY  MOUNTAIN. 

Inclosed  in  the  green  paisanite  dike  are  2  horses  of  breccia,  the 
larger  measuring  in  plan  25  feet  (7.5  meters)  by  8  feet  (2.4  meters). 
In  the  older  adjoining  8yenite-i)orphyry  dike  there  are  at  least  16 
similar  horses  exposed  on  the  crest  of  the  ridge,  as  indicated  on  the 
sketch  map  (fig.  1,  p.  74).  The  largest  of  the  horses  in  the  porphyry 
is  180  feet  (55  meters)  in  length  by  55  feet  (16.5  meters)  in  breadth. 
The  smallest  one  mapped  covers  8  (2.4  meters)  or  10  (3  meters)  feet 
square,  though  many  smaller  fragments  of  the  saine  rock  occur 
scattered  through  the  porphyry. 

These  interesting  bodies  were  first  described  by  the  geological  sur- 
vey of  Vermont.  In  its  final  report  Edward  Hitchcock  developed  a 
theory  of  the  Ascutney  eruptives  which  is  founded  on  the  discovery 
of  the  breccia.     It  can  best  be  expressed  in  his  own  words: 

*  *  *  If  we  ascend  Little  Ascutney,  near  its  west  end,  on  the  top,  just  where 
the  sonthem  slope  begins,  masses  of  a  conglomerate  of  a  decided  character,  several 
feet  and  even  rods  wide,  appear  on  the  side  of  the  porphyry  and  granite.  All  traces 
of  stratification  in  the  conglomerate  are  lost  and  it  passes  first  into  an  imperfect 
porphyry,  and  this  into  granite  without  hornblende,  in  the  same  continuous  mass, 
without  any  kind  of  divisional  plane  between  them.  Where  the  conglomerate  is 
least  altered  it  is  made  up  almost  entirely  of  quartz  x)ebbles  and  a  larger  amount 
of  laminated  grits  and  slate,  the  fragments  roimded  somewhat  and  the  cement  in 
small  quantity.  It  is  easy  to  see  that  a  metamorphism  has  taken  place  in  all  the 
conglomerate  and  some  of  the  pebbles  might  even  be  culled  mica-schist.  In  the 
cement  also  we  sometimes  see  facets  of  feldsi>ar.  In  short,  it  is  easy  to  believe 
that  the  process  of  change  need  only  be  carried  further  to  produce  syenite,  por- 
phyry, or  granite.  One  can  not  resist  the  conviction  that  the  granite  rocks  of  the 
mountain  are  nothing  more  than  conglomerate  melted  down  and  crystallized,  or 
at  least  that  such  was  the  origin  of  i)art  of  them.a 

Van  Ilise  has  dissented  from  this  view  and  briefly  stated  his  opinion 
that  these  "pseudo-conglomerates " are  flow  breccias.  He  says :  " Tlie 
matrices  of  these  rocks  are  thoroughly  crystalline  granular  granite, 
syenite,  or  porphyry.  Thus  they  are  eruptives  which  have  caught 
within  them  fragments  of  the  rocks  through  which  they  have  passed."* 

The  observations  of  the  writer  do  not  agree  with  Hitchcock's  deter- 
mination of  the  relation  between  the  horses  and  the  porphyry.    There 


"Geology  of  Vermont,  18«l,  Vol.  II,  pp.  566-5fi6. 
frBuU.  Geol.  Soc.  Am.,  Vol.  I,  p.  238,  footnote. 
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iH  no  transitioD  between  the  two,  but  instead  a  very  clean-cut  contact, 
which  is  just  as  distinct  as  that  between  the  porphyry  and  the  schists. 
The  facl«  that  lead  to  the  rejection  of  Van  Ilise's  theory  of  the  breccia 
will  also  be  briefly  noted. 

The  horses  do  present  in  the  field  the  genei*al  appearance  of  flow 
breccias  (spec.  36).  In  thin  section,  however,  the  compact,  dark 
greenish-gray  cement  resolves  itself  into  an  aggregate  of  clastic  g^rains 
of  quartz  and  feldspar  in  a  secondary  groundmass  of  argillaceous 
material,  chlorite,  biotite,  and  quartz.  The  biotite  looks  metamor- 
phic  and  is  concentrated  about  magnetite,  which  is  comparatively 
abundant.  Small  garnets  are  also  int/crspersed  in  the  cement  in  great 
numbers,  and,  like  the  biotite,  were,  in  all  probability,  formed  in  the 
partial  alteration  of  the  cement  by  the  heat  and  mineralizefs  of  the 
porphyry  intrusion. 

There  can  be  no  doubt  that  such  a  matrix  is  elastic,  and  the  shape 
and  nature  of  the  inclosed  fragments  agree  with  that  interpretation. 
They  are  subangular  or  angular  and  without  visible  stratification. 
In  size  they  vary  from  those  of  microscopic  dimensions  to  others  hav^- 
ing  an  area  of  a  square  foot  or  more.  Usually  the  corners  are  sharp 
and  plainly  indicate  that  the  fragments  have  not  been  worked  over 
by  water.  As  Hitchcock  pointed  out,  these  "pebbles"  are  of  many 
diflFerent  sorts. 

The  great  majority  of  the  fragments  belong  to  the  schists.  A 
phyllite  composed  of  quartz  and  sericite  (occasionally  with  metamor- 
phic  biotite)  as  essentials,  and  of  graphitic  and  iron  ore  with  zircons 
as  accessories,  is  very  common.  It  is  the  slightly  metamorphosed 
equivalent  of  the  phyllite  in  the  eastern  half  of  the  Ascutney  area. 
The  rocks  of  the  contact  aureole  of  the  main  mountain  are  also  rep- 
resented by  many  fragments  that  are  still  more  altered  forms  of  the 
phyllitas  than  the  type  just  mentioned.  Certain  of  the  dark,  fine- 
grained blocks  are  made  up  essentially  of  coitiierite  rendered  turbid 
by  numerous  microlitic  inclusions,  probably  sillimanite.  The  gneissic 
fragments  are  usually  of  the  varieties  found  in  the  fundamental  for- 
mation at  the  foot  of  Little  Ascutney.  They  are  typical  biotite- 
gneisses,  often  garnetiferous  and  sometimes  charged  with  epidote. 
The  mica-schist  of  the  basal  crystallines  has  a  place  in  the  breccia  as 
a  biotite-quartz-schist  with  little  accessory  material.  An  ainphil>o- 
lite,  identical  in  composition  with  that  described  from  the  locality  at 
the  foot  of  Crystal  Cascade,  is  likewise  present  among  the  blocks. 

Quartz  occurs  as  large,  angular  pieces  from  single  crystals,  as  com- 
pact quartzite,  and  as  a  chalcedonic  variety.  Granular  epidote  with 
some  quartz  forms  smaller  fragments  up  to  1  inch  (2.6  centimeters)  in 
diameter,  suggesting  the  equivalent  of  the  metamorphosed  limestone 
of  the  Ascutney  contact  zone.  Large  broken  crystals  of  orthoclase  are 
also  common  and  are  unquestionably  f  ragmental  in  the  same  sense  as 
the  cement.     So  far  as  known,  there  is  only  one  igneous  rock  among 
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the  breccia  fragments,  and  it  is  one  of  the  least  abundant  kinds.  It 
is  a  typical  granite-porphyry  with  an  ideal  development  of  idiomor- 
phic  quartz  and  feldspar  phenocrysts.  The  only  dark-colored  con- 
stituent is  biotite,  the  lamellsB  of  which  are  always  grouped  after  the 
manner  of  segregations  and  never  seem  to  form  true  phenocrysts. 
This  is  the  only  component  of  the  breccia  which  is  not  to  be  found  in 
crystalline  schists  surrounding  Ascutney.  The  breccia  cement  itself 
may  be  regarded  as  the  comminuted  remains  of  the  broken-up  schists. 
Each  of  these  great  horselike  inclusions  is  now  seen  to  have  the 
composition,  structure,  and  possible  field  relations  of  a  true  fault 
breccia.  The  most  satisfactory  explanation  of  them  would  attribute 
them  to  the  disrupting  action  of  vigorous  and  long-continued  differ- 
ential movements  in  an  ancient  zone  of  dislocation.  That  zone  was 
perhaps  nearly  coincident  with  the  present  course  of  the  two  large 
dikes  in  which  the  horses  are  embedded.  The  faulting  gradually 
prepared  the  material  and  recemented  it  into  a  new,  tough,  solid  rock. 
Later,  the  invading  eiuptives  carried  off  large  masses  of  it  as  they 
forced  their  way  along  the  old  zone  of  dislocation  and  consequent 
weakness.  ITie  average  specific  gravity  of  the  horses  is  about  2.79; 
that  of  the  syenite  porphyry,  2.646.  It  is  reasonable  to  suppose  that 
the  immersed  blocks  of  breccia  sank  to  their  present  position  rather 
than  that  they  were  carried  up  from  below. 

BIOTITE-GRANITE  STOCK. 

The  second  of  the  stocks  which  go  to  make  up  the  main  mountain 
is  much  the  smaller  of  the  two.  The  total  area  is  about  1  square 
mile  (2.6  sq.  km.).  The  highly  irregular  contact  line  touches  both 
syenite  and  phyllites  (see  PI.  VII). 

That  this  rock  (an  alkaline  bwiite-granif^)  must  be  referred  to  a 
period  of  intrusion  different  from  that  of  the  Main  stock  was  a  matter 
of  somewhat  prolonged  study  in  the  field.  An  early  examination  of 
specimens  and  outcrops  indicated  that  on  the  southeast  side  of  the 
mountain  along  the  contact  with  the  schists  there  were  two  points 
where  the  igneous  rock  changed  from  a  quartzless  hornblende-bearing 
phase  to  a  highly  quartzose  phase,  devoid  of  all  dark -colored  essen- 
tials save  an  occasional  shred  or  plate  of  biotite.  This  change  was  in 
all  cases  sudden,  and  each  phase  held  its  character  for  a  long  distance 
from  their  common  contact  with  the  schists.  A  second  visit  to  the 
same  localities  explained  the  true  relations.  It  showed  that  the  gran- 
ite is  not  of  the  nature  of  an  acid  flow  streak  on  a  large  scale  in 
the  syenite,  but  that  the  former  was  intruded  after  the  syenite  had 
consolidated.  A  characteristic  endomorphic  zone  that  developed  in 
the  granite  will  be  described  below.  A  slight  amount  of  alteration 
in  the  syenite  itself  may  be  detected.  It  is  of  the  nature  of  the 
formation  of  a  secondary  granophyric  structure  among  the  feldspars 
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of  the  once  thoroughly  granular  syenite,  but  it  is  sufficient  to  empha- 
size here  the  granitic  apophyses  in  the  nordmarkite  as  a  proof  of  the 
younger  date  of  the  more  acid  rock. 

In  one  of  these  apophyses  about  ^  inches  (15.2  centimeters)  in  width 
the  walls  of  syenite  must  have  been  already  solid  when  the  granite 
was  intruded,  since  out  from  them  have  been  developed  a  large  num- 
ber of  (juart-z  prisms  standing  squarely  on  the  walls  and  terminated 
with  the  usual  planes  at  the  free  ends,  which,  of  course,  point  toward 
the  middles  of  the  apophysis.  The  prisms  average  3  or  4  centimeters 
in  length  by  1  centimeter  in  thickness.  Other  lai*ge  crystals  similar 
to  these  sessile  ones  are  to  be  seen  completely  surrounded  by  the 
granitic  matrix;  they  are  doubly  terminated.  This  apophysis,  while 
thus  allied  to  the  pegmatites,  is  yet  believed  to  be  a  true  offshoot  of 
the  granite  l>ecause  of  the  identity  of  composition  existing  between 
its  matrix  and  the  material  of  the  more  normal  apophyses.  An  anal- 
ogy is  to  Ih?  found  in  a  syenite  dike  cutting  the  classic  laurvikite, 
wherein  cryptoperthite  crystals  take  the  place  of  the  large  quartzes  of 
the  Ascutney  dike.** 

The  granite  has  been  mapped  with  a  fairly  close  degree  of  accuracy. 
The  very  dense  second-growth  timber  and  a  lack  of  outcrops  pre- 
vented the  discovery  of  the  contact  line  in  some  places. 

In  three  abandoned  quarries  situated  in  the  southern  lobe  of  the 
stock,  about  250  yards  (225  meters)  from  the  schist  contact,  a  more 
or  less  well-developed  master  jointage  is  to  be  seen.  Its  chief  interest 
consists  in  the  evident  independence  of  this  jointage  and  the  present 
topography  of  the  deep  valley  in  which  the  quarries  are  situated. 
The  latter  lie  on  an  east- west  line.  At  the  main  quarrj',  in  the  mid- 
dle, the  joint  planes  dip  about  15°  south,  or  a  few  degrees  east  of 
south.  At  the  eastern  and  western  quarries  they  are  found  to  swing 
into  an  easterly  and  westerly  direction  of  dip  respectively.  In  the 
western  quarry  the  ground  slopes  east  by  south;  in  the  eastern,  west 
by  south.  In  other  words,  the  jointage  is  quaquaversal  in  the  bottom 
of  a  steep-walled  ravine  or  gorge.  It  must  be  said  that  such  jointing 
can  hardly  be  explained  by  the  formation  of  concentric  rift-planes 
through  atmospheric  changes  of  temperature.  The  conditions  seem 
rather  to  confirm  the  more  general  view  that  the  structure  is  an  orig- 
inal phenomenon  due  to  cooling. 

The  granite,  excepting  in  a  narrow  contact  zone,  remains  quite  uni- 
form in  character  throughout  the  stock.  It  is  a  typical  pseudo- 
porphyritic  alkaline  biotite-granite  (spec.  2).  The  color  is  a  light 
grayish  pink,  the  grain  medium  to  coarse,  the  structure  hypidiomor- 
phic  granular  in  the  groundmass.  The  phenocryst-like  constituents 
are  quartz,  microperthite,  orthoclase,  and  soda-orthoclase  (with  a  spe- 
cific gravity  of  2.584  at  16°  C),  accompanied  by  a  small  proportion  of 
biotite  individuals.     These  minerals  have  the  same  features  as  in 
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the  nordmarkites.  They  compose  the  groundmass  in  which  a  con- 
siderable amount  of  multiple-twinned  albite  (near  Abg  An,)  and 
titanite  with  some  magnetite,  zircon,  apatite  also  occur.  The  pheno- 
crysts  are  not  sharply  separated  from  the  groundmass  in  size,  and  it  is 
likely  that  there  has  been  only  one  generation  of  those  constituents. 
The  biotite  is  nearly  uniaxial.  The  large  amount  of  FeO  in  the  analy- 
sis suggests  that  it  is  a  lepidomelane.  Titanite  is  beautifully  crystal- 
lized with  the  ordinary  rhombic  outlines  and  well-developed  prismatic 
cleavage.    Its  pleochroism  is  strong: 

a,  pale  yellow. 

b,  yellow. 

c,  reddish  yellow.  ^ 
c>b>a. 

Pseudomorphs  of  magnetite  (ilmenite?)  after  titanite  are  not  uncom- 
mon. In  one  out  of  seven  slides  made  from  this  rock  a  single  small 
individual  of  pale-green  amphibole  was  discovered.  Augite  fails 
entirely.  Here,  as  in  the  other  stock  rocks  of  the  area,  the  quartz  is 
rich  in  liquid  and  gaseous  inclusions  and  in  negative  crystals  arranged 
in  lines  and  also  provided  with  double  bubbles  of  gas  immersed  in 
liquid. 

The  order  of  crystallization  is  the  normal  one: 

1.  Titanite,  apatite,  zircon,  and  magnetite. 

2.  Lepidomelane. 

8.  Albite  and  orthoclase. 

4.  Microperthite. 

5.  Quartz. 

The  essential  oxides  (see  Table  X,  col.  1,  p.  84)  and  their  molecular 
proportions  are  noted  in  the  following  table: 


SiO,.. 

A1,0, 

Fe,0, 

FeO-. 

MgO. 

CaO- 

Na,0. 

K,0-. 

TiO, . 

ZrO,. 

P2O5- 


If  all  the  TiOj  be  ascribed  to  titanite,  and  if  we  assume  that  the 
mica  contains  10  per  cent  MgO,  8  per  cent  KjO,  and  40  per  cent  SiOj, 
Bull.  209—03 6 
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71.90 

1.1980 

14.12 

0.1882 

1.20 

0.0070 

0.86 

0.0120 

0.33 

0.0082 

1.13 

0.0201 

4.52 

0.0723 

4.81 

0.0511 

0.35 

0.0043 

0.04 

0.0003 

0.11 

0.0008 
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the  analysis  may  be  calculated  and  the  quantitative  mineralojjical 
composition  determined,  with  small  degree  of  error,  as  follows: 

Per  c©nt. 

Albite  molecule 37. 9 

Orthoclase  molectde 27.0 

Quartz    . 25.0 

Anorthite  molecule 3. 9 

Biotite 3.3 

Magnetite 1.6 

Titanite 0.9 

Apatite     0.3 

Zircon 0.1 

100.0 

Chemically,  this  rock  is  an  ideal  equivalent,  among  the  alkaline 
rocks,  of  granite  among  the  nonalkaline  eruptives,  a  biotite-granite 
charact-erized  by  a  high  total  of  alkalies  with  the  soda  and  potash  in 
nearly  equal  proportion.  Iron,  lime,  and  magnesia  are  all  low.  It  is 
again  to  the  Christiania  region  that  we  must  go  for  the  already 
described  type  nearest  to  this  one.  The  *'granitite"  of  Lier  affords 
an  analysis  which  is  noted  in  column  4,  Table  X.  In  the  Norwegian 
field,  as  at  Ascutnej',  the  biotite-granite  is  the  youngest  eruptive 
excepting  the  lamprophyres.  A  close  and  interesting  correspondence 
between  these  two  rocks  is  further  illustrated  in  the  character  of  the 
endomorphic  contact  phase.  It  is  notably  granophyric  and  miarolitic 
in  the  Norwegian  occurrence,  and,  as  we  shall  see,  is  in  these  respects 
similar  to  the  Ascutney  rock. 

BASIC   SEGREGATIONS  IN  THE  GRANITE. 

The  homogeneity  of  the  biotite-granite  is  affected  by  the  presence 
of  nodular  basic  segregations  which,  while  not  nearly  so  abundant  as 
in  the  nordmarkites,  are  characteristic  of  the  rock.  They  varj^  in 
color,  composition,  and  size.  Three  classes  may  be  distinguished,  not 
only  from  each  other,  but,  as  well,  from  the  metamorphosed  schist 
inclusions,  which  occasionally  appear  within  the  mass  of  the  stock. 

The  commonest  segregation  is  of  a  more  basic  character  than  the 
other  two  kinds  (spec.  la).  It  is  dark  greenish  gray  in  color,  spher- 
ical, oval,  or  lenticular  in  form,  and  in  the  hand  specimen  sharply 
outlined  against  its  host.  In  thin  section,  however,  it  is  once  more 
seen  that  this  macroscopically  sharp  outline  of  a  .segregation  does  not 
forbid  a  very  intimate  interlocking  of  its  minerals  with  those  of  the 
host.  The  size  may  vary  from  that  of  a  pea  to  nodules  as  large  as  a 
man's  fist.  Under  the  microscope  the  nodule  is  seen  to  be  a  panallo- 
triomorphic  aggregate  of  much  biotite,  hornblende,  and  triclinic  feld- 
spar always  close  to  and  averaging  the  oligoclase,  AbaAn,,  together 
with  smaller  amounts  of  microperthite  and  orthoclase.  Interstitial 
quartz,,  much  titanite  and  apatite,  and  a  i*emarkably  small  amount  of 
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magnetite  comprise  the  accessories.     The  hornblende  is  not  identical 
with  that  of  the  syenite  nodules,  as  is  shown  by  the  pleochroism: 

a,  pale  yellowish  green. 

b,  olive-green  (medium  to  strong  absorption). 

c,  olive-green  with  a  strong  bluish  cast  (medium  to  strong 
absorption). 

b>c>a. 

The  other  constituents  have  the  same  properties  as  the  parent  rock. 
Often  in  this  class  of  segregation  there  are  small  secondary  nodules 
of  nearly  pure  biotite  and  hornblende,  some  of  which,  by  the  concen- 
tration of  the  mica  around  the  periphery,  recall  the  kernels  of  the 
nordmarkites.  On  the  other  hand,  the  general  continuity  of  the  main 
segregation  may  be  interrupted  by  light-colored  spots  composed  chiefly 
of  oligoclase,  quartz,  and  idiomorphic  hornblende. 

But  one  example  of  the  second  type  of  segregation  has  been  found. 
This  is  a  gray,  roundish  mass  about  7  feet  (2.1  meters)  in  diameter 
occurring  near  the  2,100-foot  contour  close  to  the  northern  contact 
(with  the  syenite)  of  the  great  southwestern  tongue  of  the  granite 
(spec.  113).  This  large  nodule  is  strongly  alkaline,  the  predominant 
feldspars  being  microperthite,  albite  (pure  or  charged  with  the  anor- 
thite  molecule  up  to  the  limit,  AbgAn,),  microcline,  and  probably 
cryptoperthite — named  in  the  order  of  their  abundance.  Free  quartz 
makes  up  probably  as  much  as  one-third  of  the  rock.  A  hornblende 
that  has  not  been  observed  in  any  other  rock  of  the  area  is  the 
remaining  essential.  It  forms  long,  narrow,  microlitic,  irregularly 
terminated  blades.     It  is  pleochroic  according  to  the  scheme: 

a,  light  greenish  yellow. 

b,  deep  brownish  green. 

c,  deep  brownish  green  with  a  strong  bluish  tinge. 
b=c>a. 

Much  idiomorphic  titanite,  a  few  rare  corroded  plates  of  biotite, 
many  crystals  of  magnetite,  considerable  apatite,  and  very  rare  zircons 
form  the  list  of  accessories.  The  structure  is  here  hypidiomorphic 
granular. 

Allied  to  the  second  type  is  a  third  class  of  the  segregations,  type 
analyses  of  which  are  given  (Table  X,  cols.  2  and  3,  p.  84).  Here  the 
biotite  is  much  more  common  than  the  hornblende,  the  feldspars  and 
accessories  remaining  the  same  in  nature  and  relative  abundance 
(spec.  lb).  Quartz  is  not  so  abundant.  The  structure  is  the  hypidio- 
morphic granular.  The  feldspars  are  somewhat  altered,  as  is  indi- 
cated in  the  chemical  analysis.  Calcite  and  a  little  muscovite  are  the 
secondary  products.  The  microscopic  diagnosis  and  the  analysis 
agree  in  putting  these  segregations  among  the  alkaline  quartz  syenites 
(iikerites).  Again,  it  will  l)e  observed  that  there  is  an  especially  large 
amount  of  the  mineralizer,  fluorine,  in  the  segregation. 
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Table  X — Aaalysui  of  biotHe-granite, 


SiO, 

MO, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjO  above  110"  C. 
H,0  below  110**  C. 

CO, 

TiO, 

ZrO, 

PA 

a.--- 

F 

FeS, 

NiO,CoO 

MnO 

BaO 

SrO 

Li,0 


0=F,C1. 

Total  S- . 
Sp.gr... 


Tl.ftO 
14.12 
1.20 
0.86 
0.33 
1.13 
4.52 
4.81 
0.42 
0.18 
0.21 
0.35 
0.04 
0.11 
0.02 
0.06 
Trace. 


2. 


3. 


0.05 
0.04 

Trace. 

Trace. 


59.27 
15.76 
2.07 
3.57 
3.04 
3.69 
5.63 
3.83 
0.74 
0.23 
0.80 
1.12 
0.04 
0.42 
0.08 
0.42 
0.07 

Trace. 
0.87 

Trace? 
Faint  tr. 

Trace. 


56.01 
a  15. 19 
2.34 
4.89 
4.67 
4.85 
5.66 
2.16 
0.86 
0.90 
Undet. 
1.18 


70. 

13. 


0.55 

Trace. 
1.36 
3.7^ 
4.69 

0.46 
0.17 


100.35 
0.03 


100.10 
0.19 


100.32 
Trace. 
2.616 


99.91 
0.037 
2.661 


0.53 

Undet. 

Undet. 

0.09 

0.03 

0.40 

Trace? 


99.21 


100.30 


I 


2.720 


a  With  ZrO.. 

1.  Biotite-granite,  Ascutneyville  quarries;  analysis  by  Hillebrand. 

2.  Basic  segregation  in  the  biotite-granite;  analysis  by  Hillebrand. 

3.  Another  sample  of  the  last,  containing  more  hornblende;  analjrsis  by  EGlle- 
brand. 

4.  **Granitite"  from  Lier,  Christiania  region;  Brogger,  Zeit.  f&r  Kryst.,  Vol. 
XVI,  1890,  p.  72. 

ENDOMORPHIC  ZONE   OP  THE   GRANITE. 

The  detection  in  the  field  of  the  actual  plane  of  contact  of  granite 
and  83'enite  is  rendered  comparatively  easy  on  account  of  a  con- 
spicuous structural  variation  which  characterizes  the  endomorphic 
zone.     At  the  average  distance  of  20  feet  (6.1  meters)  from  the  con- 
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tact  the  normal  granite  becomes  much  more  porphyritic  in  appear- 
ance (spec.  105).  The  phenocrysts  are  chiefly  quartz,  which  may 
either  retain  its  dimensions  in  the  normal  rock  or  may  form  much 
larger  doubly  terminated  crystals.  The  groundmass  is  much  finer 
grained,  though  always  holocrystalline,  and  is  either  granophyric  or 
identical  in  general  structure  with  the  normal  granite.  Large  ter- 
minated crystals  of  quartz  may  sometimes  be  seen  projecting  from 
the  syenite  into  the  granite  in  the  same  way  as  in  the  apophyses 
already  described.  Especially  marked  on  the  ledges  of  the  contact 
zone  are  abundant  roundish  miaroles  from  1  inch  (2.6  centimeters) 
to  3  inches  (7.8  centimeters)  in  diameter,  either  completely  filled  with 
crystalline  matter  or  presenting  cavities  lined  with  well-formed 
crystals  (spec.  106). 

The  usual  occupants  of  the  miaroles  are  quartz  crystals  showing 
the  common  terminal  and  prismatic  planes  and  crystals  of  the  same 
feldspars  as  occur  in  the  granite  proper.  The  feldspars  are  flesh  col- 
ored or  light  brownish  and,  in  thin  section,  turbid.  They  bear  the 
planes  (001)  (010)  (110)  (101)  (201)  (021)  and  (111);  (010)  and  (001) 
are  especially  well  developed.  The  commonest  of  these  feldspars 
seems  to  be  a  genuine  microperthite.  It  illustrates  in  excellent 
fashion  the  rare  Manebacher  law  of  twinning  and  the  murchisonite 
cleavage.  The  triclinic  feldspar  of  the  intergrowth  is  pure  albite, 
giving  an  extinction  angle  of  19°  on  (010).  Microcline  and  orthoclase 
ciystals  also  occur  in  the  miaroles.  The  latter  has  the  small  optical 
angle  of  sanidine.  Finally,  pseudomorphs  of  limonite  after  siderite 
completes  the  list  of  the  minerals  which  have  been  found  in  the  mia- 
roles. Biotite  seems  to  be  absent.  A  close  parallel  to  this  endo- 
morphic  zone  is  furnished  in  the  aplitic  granophjrre  described  by 
Brogger  as  the  contact  phase  of  the  alkaline  biotite-granite  of  Lier,* 
which  in  other  respects  resembles  the  Ascutney  rock. 

The  endomorphic  zone  has  been  enriched  by  the  incorporation  of  a 
certain  amount  of  basic  material  evidently  derived  from  the  syenite. 
In  the  granophyric  groundmass  there  are  sporadic  irregular  granular 
areas  impregnated  with  an  alkaline  hornblende  near  barkevikite  and 
biotite.  These  are  not  found  where  the  granite  is  in  contact  with  the 
phyllites. 

IiAMPBOPHYBBS. 

A  number  of  dikes  of  lamprophyric  habit  cut  the  syenites  at  various 
points,  and  rocks  of  the  same  character  intersect  the  Basic  stock  and 
the  schists.  No  such  dike  has  been  discovered  in  the  granite  stock, 
but  it  is  probable  that  they  are  all  younger  than  that  stock.  They 
belong  either  to  the  class  of  camptonites  or  to  the  class  of  diabases. 
A  similar  association  of  the  two  groups  in  the  same  region  has  been 
described  by  Kemp  as  occurring  on  the  Maine  coast.* 

aZeit.  far  Kryst.,  Vol.  XVI,  1880,  p.  TZ.  «»BiiU.  Geol.  Soc.  Am.,  Vol.  1, 1890,  p.  82. 
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CAMPTONITES. 

At  the  top  of  Little  Ascutney  a  oamptonitic  dike  cuts  the  nord- 
niarkit^-porphyry  dike,  the  paisanit^  dike,  a  horse  of  the  breccia, 
and  the  diorite.  The  i-ock  is  a  very  compact  j^rayish-black  mass,  in 
which  here  and  there  a  hornblende  crystal  and,  more  rarely,  a  feld- 
spar api)ear  as  phenocrysts  (spec.  57).  In  thin  section  it  is  seen  to  be 
an  acid  camptonite  of  the  usual  structure  and  composition.  The 
hornblende  phenocrysts  are  idiomorphic  and  measure  from  1  to  3 
millimeters  in  lenf^h.  The  pleochroism  and  absorption  are  those  of 
a  common  basaltic  hornblende: 

a,  pale  brownish  yellow. 

b,  deep,  rich  brown. 

c,  deep,  rich  brown. 
c>b>a 

The  extinction  on  (010)  is  about  15°  30'. 

The  plagioclase  is  apparently  very  uniform  in  composition  and 
averages  the  basic  labradorit^,  AbjAng,  both  in  the  rare  phenocrj'sts 
and  in  the  groundmass. 

The  rock  is  greatly  altered,  and  this  characteristic  adheres  to  all 
the  camptonites  of  the  area.  Chlorite,  epidote,  calcite,  secondary 
quartz,  and  kaolin  are  the  products  of  decomposition. 

Analysis  1,  in  Table  XI,  represents  the  approximate  composition  of 
the  average  camptonite  of  the  area  (spec.  74).  It  was  made  from  a 
type  differing  from  that  just  described  in  containing  a  small  propor- 
tion of  augite  in  the  groundmass  and,  more  rarely,  among  the  pheno- 
cryst.s.  The  feldspar  is  here  again  the  labradorit^  Ab^Aug.  The 
augite  is  much  altered  (into  uralitic  amphibole,  chlorite,  and  the 
ores)  from  its  original  diopsidic  condition.  Dikes  corresponding  to 
this  analysis  were  found  cutting  the  syenite  on  the  Windsor  trail 
about  500  yards  (457  meters)  from  the  main  summit  of  Ascutney 
Mountain,  cutting  coarse  diorite  in  the  saddle  at  the  east  end  of 
Little  Ascutney,  and  cutting  gneiss  east  of  the  notch  road  and  south- 
west of  Brownsville. 

While  there  is  a  noteworthy  difference  between  this  analysis  and 
that  of  llawes's  classic  camptonite,  the  former  agrees  well  with  the 
average  analysis  of  camptonite  as  calculated  by  Brogger  (cf.  Table 
XI.) 
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Table  Xl.—AnalyHs  of  camptonite. 

87 

1. 

2. 

8. 

SiO, 

48.22 

14.27 
2.46 
9.00 
6.24 
8.45 
2.90 
1.93 
1.66 
0.28 
0.15 
2.79 
0.03 
0.64 
0.10 
0.05 
0.36 
0.03 
0.20 
0.04 

Trace. 

Trace. 

Trace. 

41.94 
15.86 
3.27 
9.89 
5.01 
9.47 
5.15 
0.19 

}        3.29 

2.47 
4.15 

43.65 

ALOs 

16.29 

FejOs 

FeO 

14.76 

MgO 

5.96 

CaO 

10.16 

Na,0-... 

3.05 

K,0 

1.50 

H,0  above  110"  C 

H,0  below  110°  C 

CO, _ 

TiO,  - 

4.63 

ZrO, 

PA 

a 

F 

FeS, 

NiO,CoO 

MnO- 

0.25 

BaO 

SrO 

Li,0 

CuO 

o=F,a 

99.80 
0.04 

100.44 

100.00 

99.76 

0.19 

2.810-2.869 

Totals 

Sp.  fCT 

1.  Camptonite  dike,  Ascutney  Mountain;  analysis  by  Hillebrand. 

2.  Classic  camptonite,  Campton  Falls,  N.  H.;  Rosenbnsch:  Elem.  der  G^esteins- 
lehre,  2d  ed.,  1901,  p.  244. 

3.  Average  analysis  of  eight  camptonite  dikes;  Brogger:  Quart.  Jour.  Geo\. 
Soc.,  Vol.  L,  1894,  p.  26. 

The  hornblende  has  not  been  analyzed;  it  is,  henee»  not  possible  to 
calculate  the  analysis.  The  specific  gravity  of  these  dikes  varies 
from  2.810  to  2.869;  on  account  of  alteration,  no  two  pieces,  even 
from  the  same  hand  specimen,  will  agree  in  specific  gravity. 

DIABASE  DIKES. 

The  second  class  of  raelanocratic  dikes  comprises  compact,  equi- 
granular  or  porphyritic  diabases  of  normal  composition  and  structure. 
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thus  not  differing  essentially  from  the  common  dikes  of  the  same  rock 
o<»currinK  so  abundantly  up  and  down  the  Connecticut  Valley 
(hjwc.  120).  The  feldspar  is  here  also  near  the  basic  labradorite 
AbjAua.  Like  the  pale-green  intersertal  angite,  it  is  much  affected 
by  weathering;  the  products  of  the  change  are  the  same  as  in  the 
camptonites.  A  sulphide,  probably  pyrite,  is  visible  in  notable 
amount,  even  in  the  hand  specimen.  The  magnetite  is  strongly  titan- 
iferous.  Zircon  and  titanite  are  absent,  and  there  is  comparatively 
little  apatite.  The  specific  gravity  was  measured  at  2.922.  The 
total  analysis  is  given  in  Table  XII.  It  corresponds  to  that  of  a 
common,  somewhat  weathered  diabase. 

Table  XH.— Analysis  of  diabase  (by  HUlebrand) 

SiO, 49.63 

AljOs -  14.40 

Fe,03 2.85 

FK:) 8.06 

MgO 7.25 

CaO... 9.28 

Na,0 2.47 

K,0 0.70 

HjO  above  110^  C 1.47 

H,0  below  110^  C 0.27 

CO, 1.86 

TiO, 1.68 

ZrO, - Trace? 

PA 0.25 

CI   .   -         0.07 

F - Trace 

FeS,. 0.22 

NiO,CoO 0.04 

MnO -.    ..-- 0.17 

BaO Trace? 

SrO - •. Trace? 

Li,0 Trace 


100.17 
0=F,  a 0.02 

100.15 

Totals 0.12 

Sp.gr 2.d22 

SUMMARY. 

The  list  of  eruptive  rocks  in  Mount  Ascutney  includes  the  Basic 
stock  of  gabbros  and  diorites  transitional  into  one  another  and  into 
an  acid  essexitic  phase,  ramifying  dikes  of  younger  diorite,  dikes  of 
a  rock  type  not  heretofore  described  and  called  "windsorite"  from 
this  Ascutney  occurrence,  the  nordmarkite-porphyry  dike-like  stock 
of  Little  Ascutney,  the  pulaskite  stock  of  Pierson  Peak,  the  great 
paisanite  dike  of  Little  Ascutney,  the  variable  nordmarkites  of  the 
Main  syenite  stock  with  granitic  and  monzonitic  phases,  the  homo- 
jijeneous  alkaline  biotite  granite  of  the  Ascutneyville  stock,  and  the 
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aplites  and  lamprophyres  (diabase  and  camptonites)  cutting  nearly 
all  the  other  bodies. 

Chemically,  the  series  of  eruptives  as  a  whole  is  characterized  by 
normal  silica,  high  alkalies,  the  potash  slightly  predominating,  nor- 
mal alumina,  medium  iron,  low  magnesia,  low  lime,  and  high  titanic 
oxide.  Mineralogically,  they  are  rich  in  feldspar  which  is  generally 
microperthitic,  and  are  poor  in  biotite  and  bisilicates.  Especially 
noteworthy  is  the  extraordinary  development  of  indigenous  basic 
nodules  of  segregations  and  of  **  schlieren  "  in  the  different  rock  bodies, 
including  both  dikes  and  stocks.  The  abnormal  abundance  of  the 
segregations  is  probably  to  be  connected  with  the  smallness  of  the 
conduit  through  which  each  irruption  took  place.  Variations  of  tem- 
perature, abundance  of  foreign  fragments,  and  the  rei>etition  of  intru- 
sion in  the  same  conduit  have  all  played  their  part  in  disturbing  the 
normal  process  of  crystallization. 

Considering  the  small  area  occupied  by  the  Ascutney  intrusives, 
they  must  be  considered  as  having  an  unusually  wide  range  of  com- 
position (see  list  on  p.  36).  While  dioritic  types  fail  in  the  allied 
petrographical  province  of  the  Christiania  region  and  nordmarkites 
and  related  alkaline  rocks  are  absent  in  the  Monzoni  region,  both  of 
these  classes  are  represented  at  Ascutney.  The  intimate  association 
of  independent  bodies  of  such  nonalkaline  rocks  as  the  gabbros  and 
diorites  of  the  oldest  stock  and  of  the  older  basic  dikes,  with  the 
several  bodies  of  typical  alkaline  syenites  and  granite,  is  to  be  par- 
ticularly emphasized.  That  such  an  association  is  not  rare,  in  America 
at  least,  is  shown  by  its  repeated  occurrence  in  New  York  State**  and 
in  Essex  County,  Mass.*  Not  the  least  significant  fact  concerning  the 
Ascutney  eruptive  group  is  the  occurrence  of  rock  types  transitional 
between  the  nonalkaline  and  alkaline  irruptives.  Thus  there  is  not 
only  the  most  striking  consanguinity  among  the  respective  members 
of  each  of  these  classes,  but  the  two  classes  are  themselves  allied  by  a 
family  relationship  which  is  reflected  also  in  many  details  of  miner- 
alogical  and  chemical  composition. 

Among  the  details  described  in  connection  with  the  irruptives,  we 
may  recall  some  which,  while  of  greater  or  less  importance  to  the  gen- 
eral geology  or  mineralogy  of  the  area,  are  not  implied  in  the  forego- 
ing r^sum^  of  the  intrusions.  These  include  the  evidence  for  the 
cylindrical  character  of  the  main  controlling  stock  of  Mount  Ascutney 
itself,  the  remarkable  tarnishing  which  slight  exposure  produces  in 
the  nordmarkite  of  the  Windsor  quarry  and  in  the  related  paisanite 
of  Little  Ascutney,  the  great  masses  of  breccia  in  the  nordmarkite 
porphyry  and  paisanite  dikes,  and  the  interesting  endomorphic  phases, 
especially  of  the  biotite-granite.  Finally,  the  considerations  relative 
to  the  mode  in  which  the  conduit  has  become  occupied  by  the  different 
intrusives  will  be  summarized  in  the  foUowins?  chapter. 

aCuahinfir,  Bull.  Geol.  Soc.  Am  .Vol  X,  1899,  p.  177.    Smyth,  Ibid.,  Vol.  VI.  1895  p  263    Ealcle, 
Am.  Geol.,  Vol.  XII,  1868,  p.  35 
frWashinsrton,  Jour.  Geol.,  Vol.  VI,  l»nfi  p  799 
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CHAPTER  V. 
THEORETICAL  CONCLUSIONS. 

maxn:er  of  intrusion  of  Tira  stocks. 

Probably  the  most  important  question  in  connection  with  the  dy- 
namical geology  of  the  mountain  centers  about  the  actual  method  of 
injection  followed  by  each  of  the  five  largest  eruptive  bodies. 

Hitherto  it  has  been  assumed  that  the  Ascutney  rocks  belong  to  the 
category  of  genuine  intrusives  and  that,  for  example,  we  have  not 
here  to  do  with  a  deeply  eroded  volcanic  neck  or  pipe.  This  view 
will  be  still  held  in  the  further  discussion  of  the  rock  bodies.  The 
evidence,  however,  that  the  granitic  rocks  now  exposed  do  not,  after 
all,  represent  the  deep-seated  equivalents  of  magmas  which,  in  the 
eruptive  periods,  escaped  at  the  earth's  surface  as  lava  flows,  is  largely 
but  negative.  To  exclude  this  volcanic  hypothesis  it  is  clearly  not 
sufficient  that  the  igneous  bodies  have  all  the  characteristics  of  a  plu- 
tonic  origin  and  that  there  is  in  the  vicinity,  at  present,  lack  of  explo- 
sion breccias  or  lavas  in  any  form.  The  complete  removal  of  such 
products  is  only  a  question  of  the  time  allowed  and  the  depth  of 
denudation  since  the  early  period  of  the  eruptions.  Nor,  again,  and 
just  as  surely,  is  the  general  lack  of  flow  structure  showing  a  rela- 
tively rapid  upwanl  movement  of  the  magma  of  distinct  help  in  decid- 
ing the  alternative. 

The  peculiar  arrangement  and  form  of  the  stocks,  especially  the 
lobate  plan  of  the  granite,  seem  to  give  greater  satisfaction  intheplu- 
tonic  hypothesis.  But  a  much  stronger  reason,  affording  cumulative 
evidence  for  its  adoption,  is  doubtless  to  be  found  in  the  analogy  of 
Ascutney  Mountain  with  a  score  of  other  granitic  areas  in  Vermont 
alone.  There  appears  to  be  no  evidence  at  all  for  the  volcanic  nature 
of  these  igneous  bodies.  Although  the  geological  conditions  are  often, 
particularly  in  the  smaller  areas,  very  similar  to  those  at  Ascutney, 
extrusive  rocks  seem  never  to  be  organically  associated  with  a  single 
granitic  mass.  So  far  as  known,  there  is  no  more  reason  to  attribute 
a  volcanic  origin  to  any  one  of  these  smaller  granitic  bodies  in  Ver- 
mont than  to  the  others;  nor,  indeed,  than  to  the  great  massifs  typi- 
fied by  the  Barre  granite.  The  transition  in  size  from  the  smallest  to 
the  largest  area  is  gradual,  and  mere  size  and  shape  will  not  suffice  as 
a  criterion  of  volcanic  origin  for  any  one.  It  is,  perhaps,  not  too  much 
to  say  that,  if  the  Ascutney  bodies  occupy  the  vent  of  an  ancient 
greatly  eroded  volcanic  neck,  the  Barre  granite  itself,  contrary  to  the 
90 
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received  opinion  of  geologist®,  may  be  regarded  as  possibly  of  the 
same  origin.  In  other  words,  it  is  reasonable  to  believe  that  the  vol- 
canic hypothesis  for  Ascutney  Mountain  has  no  stronger  foundation 
in  fact  than  it  has  for  normal  granitic  areas  the  world  over.  In  this 
view,  the  igneous  rocks  of  Ascutney  are  all  irruptive  and  each  irrup- 
tive  body  assumed  its  present  position  and  full  volume  only  after 
some  process  had  prepared  the  corresponding  space  within  the  coun- 
try rock''.  The  problem  before  us  relates  to  the  manner  in  which  that 
preparation  was  carried  out. 

APPLICATION    OF    EXISTING   THEORIES    TO   THE   ASCUTNEY 

INTRUSIONS. 

It  is  held  by  some  of  our  ablest  masters  in  petrological  science — 
I)erhaps  by  most  of  them — ^that  stocks,  sills,  laccoliths,  and  dikes  are, 
from  the  point  of  view  of  dynamical  geology,  of  the  same  nature — i.  e., 
that  they  vary  only  in  size  and  form.  Each  is  composed  of  a  con- 
solidated rock  magma  which  has  been  injected  into  the  country  rock 
because  of  a  previous  or  accompanying  opening  of  cavities  within  the 
earth's  crust.  Displacements  of  folded  and  faulted  rocks  in  mountain 
massifs  ai'e  made  responsible  for  the  cavities  or  chambers.  The  lat- 
ter may  be  supposed  to  antedate  the  eruption  (plainly  an  inadmissible 
premise  for  the  larger  eruptive  bodies)  or  to  have  been  magmatically 
filled  pari  passu  with  the  dislocation.  In  either  case  the  adherents 
of  this  theory  believe  that  no  important  assimilation  of  the  country 
rock  by  the  invading  magma  takes  place,  and  that,  therefore,  the 
composition  of  the  magma  is  not  affected  by  such  assimilation. 

It  is  clear  from  the  foregoing  discussion  of  the  Ascutney  intrusives, 
as  well  as  from  the  inspection  of  the  map  (PI.  VII),  that  none  of  the 
larger  ones  is  laccolithic  in  character.  The  syenite-porphyry  of  Little 
Ascutney  has  apparently  followed  a  zone  of  weakness,  the  contact  of 
the  gneiss  and  Basic  stock.  Though  for  this  reason  dike-like  in  its 
geological  relations,  it  has  so  far  enlarged  its  conduit  as  to  assume 
the  proportions  of  a  stock.  The  other  four  bodies  are  true  stocks. 
£ach  eruptive  cuts  across  the  schists,  so  that  the  igneous  contact  gen- 
erally stands  at  a  high  angle  to  the  strike  of  the  Kchists.  Only  at  the 
eastern  end  of  the  mountain  are  the  two  parallel,  and  it  has  already 
been  noted  that  the  surface  of  contact  of  the  Main  syenite  stands 
nearly  vertical,  and  is  thus  not  coincident  with  the  dip  plane  of  the 
schists  there  any  more  than  on  the  other  slopes  of  the  mountain. 
The  facts  show  that  a  laccolithic  origin  can  not  be  hypothecated  for 
the  Main  syenite,  much  less  for  the  granite. 

The  east-west  elongation  of  the  igneous  area  as  a  whole  might  sug- 
gest that  the  intrusions  occupy  a  zone  of  dip  faulting  in  the  schists. 
But  the  transitional  contact  belt  of  the  phyllitic  and  gneissic  series  is 
easily  recognized  on  both  the  north  and  the  south  side  of  the  moun- 

oTbe  term  "country  rock"  is  u«od  in  this  report  as  a  convenient  expression  denoting  the  t©r- 
rane  invaded  by  and  thns  in  contekct  with  an  imiptive  body. 
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tain,  and  it  is  quite  as  easily  seen  in  the  field  that  the  belt  has  not 
been  appreciably  offset  by  a  fault  transverse  to  the  strike.  It  is  like- 
wise in  the  highest  degree  improbable  that  displaeements  parallel  to 
the  strike  of  the  schists  can  be  safely  called  upon  to  explain  the  spaces 
now  filled  with  the  solidified  magmas. 

The  facts  derived  from  field  study  also  speak  strongly  against  the 
idea  that  all  or  any  of  these  intrusions  took  place  in  consequence  of 
the  removal  of  the  country  rock  en  bloc  by  faulting.  It  might  be 
conceived  that  faulting  could  have  led  to  the  transfer  of  the  displaced 
schists  upward,  as  if  punched  out  b}'  a  huge  die,^  or  to  the  founder- 
ing of  the  corresponding  blocks,  which  would  thus  become  buried 
deeply  by  the  magma  entering  the  resulting  chamber.  If  such  circling 
faults  had  occurred  we  should  expect  some  evidence  of  them  to  be  yet 
decipherable  in  the  country  rocks.  Yet  the  latter  show  no  sign  of 
disturbance  that  can  be  traced  to  those  particular  movements.  Even 
if  the  intrusion  had  taken  place  after  this  manner  in  one  instance,  it 
is  in  the  highest  degree  improbable  that  so  unusual  a  dynamic  proc- 
ess should  have  been  repeated  three  times  in  this  limited  area.  The 
ground  plan  of  the  different  stocks  as  expressed  in  the  geological  map 
can  scarcely  be  explained  on  the  hypothesis  of  circling  faults.  We 
must  rather  conclude,  from  a  survey  of  the  ground,  that  each  of  the 
stock  bodies  has  actively  displaced  its  country  rock  so  as  to  find  room 
for  itself.  The  Basic  stock  has  displaced  the  gneisses;  the  nordmark- 
ite  stock  has  displaced  diorites  and  schists;  the  stock  of  Pierson 
Peak  has  displaced  gabbros  and  diorites;  the  nordmarkite-porphyry 
of  Little  Ascutney  has  displaced  gneisses  and  diorites,  and  the  gran- 
ite has  displaced  the  syenite  and  a  small  amount  of  the  phyllites. 

A  .second  commonly  held  view  of  many  stocks  and  of  many  **batho- 
liths"  is  that  they  have  undergone  their  **  mise  en  place"  as  a  result 
chiefly  of  the  caustic  and  assimilating  property  of  the  igneous  magma 
in  contact  with  the  country  rock.  Thus,  while  Brogger  regards  the 
Predazzo-Monzoni  area  as  illustrating  in  a  thoroughgoing  manner  the 
process  of  differentiation  in  deep-seated  chambers  prepared  by  crustal 
movements,  Fouque  finds  in  the  same  province  an  almost  typical 
example  of  assimilation.  It  is  here,  as  elsewhere,  a  question  of  the 
degree  to  which  the  process  produces  its  effect,  as  every  field  geologist 
is  bound  to  credit  the  assimilation  of  small  foreign  fragments  caught 
in  a  molten  magma  and,  as  well,  the  local  and  sul>ordinate  digestion  of 
the  walls  at  certain  of  the  eruptive  contacts  already  described  in  geo- 
logic literature. 

Stated  in  its  iisual  form,  the  assimilation  hypothesis  also  will  hardly 
fit  the  facts  recorded  for  the  Ascutney  eruptives.  The  oldest  stock  is 
quite  basic,  though  it  cuts  a  series  of  acid  gneisses.  The  Main  syenite 
shows  no  basification  at  its  contact  with  the  diorites.  Its  endomorphic 
contact  phase  is,  on  the  contrary,  there,  as  elsewhere,  more  strongly 
qnartzose  and  has  often  even  a  smaller  proportion  of  bisilicate  than 


nRe<«mng  the  " bysmalith ''  of  Iddinsrs,  Mon.  U.  8.  Oool.  Survey,  Vol.  XXXII,  Pt.II|l«»9,p.l6. 
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the  average  syenite.  The  biotite-granite  has,  it  is  true,  a  hornblende 
among  the  constituents  of  its  basic  segregations;  but  the  endomorphic 
zone,  where  the  granite  comes  in  contact  with  the  older  syenite,  does 
not  exhibit  any  special  sympathy  with  that  rock.  Still  more  impor- 
tant is  the  complete  lack  of  basification  in  the  pulaskite  of  Pierson 
Peak  which  cuts  the  diorite  and  associated  gabbro.  That  stock  is  of 
small  dimensions.  It  is  alkaline,  and  hence  is  composed  of  material 
which  in  its  magmatic  form  must  have  been  of  specially  caustic  nature. 
The  crystalline  rock  through  which  the  magma  found  its  way  has  a 
markedly  different  composition.  There,  if  anywhere,  we  should,  on 
the  assimilation  hypothesis,  look  for  an  endomorphic  zone  sensibly 
affected  by  the  country  rock.  The  failure  of  such  a  zone  is  as  unques- 
tionable as  in  the  notable  case  of  the  shonkinite  laccolith  of  Square 
Butte,  Montana.^  The  Pierson  Peak  stock  is  made  up  of  a  homogeneous 
syenite  which  is  indistinguishable,  save  for  the  absence  of  free  quartz 
and  the  disappearance  of  much  of  the  essential  bisilicate,  from  an 
abundant  phase  of  the  Main  stock  of  Ascutney  Mountain  proper. 
Both  stocks  are  syngenetic  with  the  stock-like  dike  of  Little  Ascutney. 
The  occurrence  of  all  three  with  essentially  similar  mineralogical  and 
chemical  properties,  but  with  essentially  diverse  country  rocks,  seems 
to  prove  that  they  came  from  a  single  magma  which  persisted  in 
nearly  its  pure  form  even  after  injection  and  notwithstanding  the 
well-known  solvent  power  of  alkaline  magma  on  both  acid  and  iron- 
rich  basic  rocks. 

SUGGESTED  HYPOTHESIS  OF  THE  MANNER  OF  INTRUSION. 

Without  considering  other  and  less  important  views  of  the  mechan- 
ics of  intrusion,  which,  suggestive  as  they  are,  must  yet  be  regarded 
as  insufficiently  supported  by  observations  in  nature,  a  somewhat 
detailed  statement  may  be  made  of  a  third  hypothesis  which  has 
forced  itself  upon  the  writer.  It  not  only  explains  the  facts  as 
far  as  Mount  Ascutney  is  concerned,  but  meets  as  well  all  the  tests 
which  have  yet  been  applied  to  it  from  the  results  of  experimental 
geology,  from  observations  in  other  regions,  and  from  the  theory  of 
igneous  bodies  generally. 

Most  geologists  are  agreed  that  intrusion  on  a  large  scale  is  not  a 
sudden  act,  but  occupies  a  period  of  time  comparable  to  that  required 
for  complex  folding  in  a  mountain  massif.  This  conclusion  has  been 
reached  by  those  advocating  the  assimilation  theory,  as  well  as  by 
those  holding  the  rival  theory  of  laccolithic  and  allied  crustal  dis- 
placement.* While  the  conclusion  of  any  investigator  as  to  the  time 
required  for  a  magmatic  injection  is  itself  in  part  a  by-product  of  the 
intrusion  theory  ruling  in  his  mind,  it  is  yet  noteworthy  that  the 
present  exponents  of  the  opposed  theories  accord  in  ascribing  great 
duration  to  the  time  required  for  granitic  intrusions  at  least.     It  will. 


a  Weed  and  Pinwon,  Bull.  Geol.  Soc.  Am.,  Vol.  VI,  1896,  p.  389. 

^  W.  C.  BrOgrsrer,  Die  Bruptivgesteine  des  Kristianiagebietes,  Vol.  II,  1886,  p.  149. 
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then,  be  no  antecedent  objection  to  the  hypothesis  now  to  be  proposed 
that  it  is  based  on  a  process  of  integration  of  small  effects,  and  that 
the  intej^ration  suffices  for  the  geological  work  in  hand  only  after  the 
lapse  of  a  long  period  between  the  l)eginning  and  end  of  the  process. 

The  starting  point  of  the  hypothesis  is  found  in  the  consideration 
of  the  phenomena  of  the  contact  belt  l)elonglng  to  each  iiTuptive  body. 
The  present  assimilation  theory  of  Michel  Levy  and  others  demands 
a  study  of  the  same  belt  as  a  test,  rather  than  as  the  basis  of  formu- 
lation. 

At  many  points  in  the  internal  contivct  zone  of  any  one  of  the  stocks 
numerous  fragments  of  the  country  rock  may  he  seen  in  the  erup- 
tive (PI.  VI).  These  are  completely  isolated,  immersed  in  the  crys- 
tallized magma,  though  often  they  are  seen  to  have  moved  only  a  few 
feet  or  inches  from  the  parent  rock.  As  found  in  endomorpliic  zones 
of  plutonics  generally,  the  fragments  are  further  quite  normal  in 
showing  angular  outlines  and  very  sharp  l)oundaries  against  the 
eruptive  rock.  There  is  usually,  indeed,  plain  indication  that  these 
fragments  have  suffered  little,  if  any,  chemical  solution  by  the 
magma.  Recent  experiments,  however,  have  established  beyond  per- 
adventure  that,  at  temperatures  but  slightly  above  that  of  complete 
fusion  of  any  silicate  mixture,  every  important  rock-forming  mineral 
may  be  completely  dissolved  in  that  magma.^  The  conclusion  seems 
unavoidable  that,  at  the  moment  when  a  given  foreign  fragment  was 
torn  or  floated  off  from  its  wall  and  thereafter,  the  immersing  magma 
was  relatively  cool,  and  thus  enfeebled  in  its  solvent  power.  That  its 
metamorphosing  power  was  likewise  diminished  is  suggested  by  the 
fact,  borne  out  by  microscopic  study,  that  the  I'ecrystallization  of  the 
fragment  is  generally  no  more  advanced  than  that  of  the  country 
rock  many  feet  from  the  irruptive. 

But  a  still  stronger  proof  of  a  comparatively  low  temperature  at  the 
moment  of  isolation  of  any  one  of  the  fragments  is  the  fact  that  it  is 
now  to  be  seen  floating,  as  it  were,  or,  tol>e  more  accurate;  suspended, 
in  the  magma.  A  brief  consideration  of  certain  experimental  deter- 
minations shows  that  such  suspension  can  occur  in  a  normal  magma 
invading  rocks  of  average  specific  gravity  only  on  the  condition  that  the 
magma  is  highly  viscous  and  near  the  point  of  consolidation.  It  has 
l>een  established  that,  lor  each  class  of  holocrystalline  silicate  rocks,  the 
specific  gravity  of  the  corresponding  glass  is  considerably  lower  than 
t  hat  of  the  natural  rock,  and  that  the  specific  gravity  of  the  same  rock 
when  completely  melted  is  still  lower  than  that  of  the  glass  No  inves- 
tigation has  been  made  on  these  points  for  any  of  the  Ascutney  rocks, 
but  it  is  fair  to  use  the  results  for  similar  rocks  from  other  parts  of 
the  world. 

The  most  important  case  for  consideration  is  evidently  the  relation 

"  Amou«  other  papers,  cf.  C  Doeltor,  Die  Schmclzbarkoil  dor  Mineralien  und  ihre  L5slichkeit 
111  Miigmeii  Tscher  Mm  u  Petrog  Mittb  .  Vol  XX.  HUH,  p  iJOT;  and  CJeber  einige  petrogene- 
tis(  he  Fragen:  Centralbl.  t.  Mm.,  Qeol.  und  Pal.,  ittRi.  p  545 


Digitized  by 


Google 


DALY.] 


SUGGESTED   HYPOTHESIS   AS    TO   THE    INTRUSION. 


95 


between  the  specific  gravity  of  the  rocks  in  the  Gneissic  series  and 
that  of  the  diorite-gabbro  magma;  therein  we  must  have  the  closest 
approximation  in  density  between  the  material  of  any  one  stock  and 
its  staple  inclusion.  The  specific  gravity  of  the  chemically  analyzed 
diorite  is  2.930.  Similar  determinations  were  made  for  the  more  basic 
gabbro  phases  collected  at  three  different  parts  of  the  same  stock ;  the 
values  here  ran  from  2.95  to  3.19.  The  average  for  the  gabbro  is  3.08. 
We  may  take  3.10  as  the  approximate  average  specific  gravity  of 
the  more  basic  parts  of  the  oldest  stock. 

The  most  thorough  and  careful  experiment  bearing  on  this  question 
is  that  made  by  Barus  in  the  fusion  of  diabase. **  He  found  that  a 
sample  of  diabase  at  20°  C.  had  a  specific  gravity  of  3.0178  and  the 
glass  produced  by  the  dry  fusion  of  the  same  rock  had,  at  the  same 
temperature,  a  specific  gravity  of  2.717.  The  density  was  much  less 
in  the  molten  state.  Thus,  at  1,400°  C.  the  specific  gravity  was  only 
2.523,  corrasponding  to  an  increase  of  volume  of  about  20  per  cent.  A 
critical  discussion  of  many  fusion  experiments  by  Delesse  and  Cossa 
along  the  same  line  shows  a  close  agreement  in  the  behavior  of  the 
basic  rocks  treated  in  the  older  researches,  as  compared  with  that  of 
the  diabase  of  Barus's  refined  experiment.*  One  phase  of  the  corre- 
spondence is  shown  in  the  following  table : 


Rock  type. 

1. 

Sp.arr.of 
rock  at 

caao«»c. 

2. 

Sp.gr.  of 
glass  at 

8. 

Net  de- 
crease in 
density, 
rock  to 
glass. 

4. 

Net  in- 
crease in 
volume, 
rock  to 
glass. 

5. 

Sp.  gr.of 

rocK  molten 

at  1,4000  c., 

calculated 

fromBa- 

rus's  fusion 

curve. 

Diabase  of  BarnB 

3.0178 
2.999 
2.859 
,    2.667 
2.710 
2.684 

2.717 
2.652 
2.657 
2.408 
2.430 
2.438 

Percent. 

10.00 

11.57 

7.07 

9.90 

10.33 

9.16 

P^cent. 
11.2 
13.1 
7.6 
11.1 
11.5 
10.0 

2.528 

Average  gabbro  of  Delesse. . 
Average  diorite  of  Delesse.  . 

Quartz-diorite  of  Cossa 

Syenite  of  Cossa 

2.507 
2.890 
2.229 
2.266 

Average  granite  of  Delesse  . 

2.243 

Average  of  above 

9.67 
6.95 

10.7 
7,5 

Gneiss  of  Delesse 

2.821 

2.625 

2.358 

It  is  seen  that  these  various  independent  investigations  establish  a 
tolerably  constant  ratio  for  the  relative  volumes  of  a  holocrystalline, 
plutonic  rock  and  of  the  glass  produced  by  its  fusion.  Of  special 
interest  are  the  small  differences  among  the  results  of  Barus,  Delesse, 
and  Cossa  on  diabase,  gabbro,  and  quartz-diorite.  These  are  rocks 
related  to  various  facies  of  the  Basic  stock  at  Ascutney  Mountain. 


Cf 


aPhiloe.  Mag.,  Ser  V,  Vol.  XXXV,  1893,  p  173;  and  Bull.  U.  S  Geol   Survey  No.  103.  1»»3 
Joly,  on  fusion  of  Ijasalt,  Trans  Roy.  Dublin  Soc.,  Ser.  II,  Vol.  VI,  1897,  p  298 

ft  Delesse,  Bull.  Soc.  G6ol  France,  Ser.  II,  Vol.  IV,  1847,  p.  13H0,  Cossa,  ref.  by  Zirkel,  Lehrbuch 
der  Petrographie,  Vol  1, 1«93,  p  68i 
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The  behavior  of  all  liasic  rocks  under  fusion  has,  unfortunately,  not 
been  te8te<l  for  high  temperatures,  but,  for  reasons  well  established  by 
Barus  and  derivable  from  a  survey  of  this  particular  field  of  research, 
it  is  mimissible  to  apply  the  fusion-curve  of  Barus  to  any  rock  of 
allied  composition.  On  this  supposition,  at  one  atmosphere  of  pres- 
sure, the  specific  gravity  of  the  Ascutney  gabbro  would  fall  from  3. 10 
to  2.69  at  1,400"  C.  and  that  of  the  average  diorite  from  2.04  to  2.46. 
At  this  temperature  the  rock  would  remain  highly  fluid  even  at  the 
depth  of  5  miles  in  the  earth's  crust.  The  specific  gravity  of  the  nor- 
mal gneisses  occurring  near  the  Basic  stock  ranges  from  about  2.09  to 
about  2.76,  with  a  probable  average  of  2.73. 

To  determine  what  these  would  be  if  fragments  with  the  correspond- 
ing densities  could  l>e  kept  solid  and  obey  the  law  of  expansion  for 
solid  rock,  at  1,400''  C. ,  it  is  permissible  to  use  Reade's  expansion  coeffi- 
cient for  granite  without  incurring  serious  errror.<» 

Barus  has  shown  that  pressure  simply  elevates  the  melting  point  in 
the  normal  type  of  fusion  without  interfering  essentially  with  the 
value  of  the  coefficient  determined  at  ordinary'  temperatures   and 
pressures.*    The  average  gneiss  would  have,  as  a  result  of  the  appli- 
cation, a  calculated  specific  gravity  of  2.63.     It  must  be  remembered, 
too,  that  contact  metamorphism  here,  as  generally  elsewhere,  would 
raise  this  value  still  higher,  and  that  any  acidification  of  the  magma 
in  contact  with  the  gneiss  would  lower  the  density  of  the  magma. 
Now,  the  beautiful  experiments  of  Barus  in  the  fusion  of  various  car- 
bon compounds  under  varying  pressures  show  that,  in  thermal  exi>an- 
sibility  and  in  compressibility,  they  behave  in  a  manner  extremely 
similar  to  the  few  silicates  on  which  any  studies  in  fusion  have  been 
made.     lie  has  shown  that  naphthalene,  a  substance  obeying,  like 
diabase,  the  normal  law  of  fusion,  is  slightly  more  compressible  as  a 
liquid  than  as  a  solid.*"    The  fusion  curves  indicate  that,  for  the  same 
increase  of  pn^ssure,  liquid  naphthalene  gains  in  specific  gravity  about 
twice  as  fast  as  solid  naphthalene.    The  compressibility  of  a  fused  sili- 
cate rock  is  probably,  then,  approximately  twice  that  of  the  same  rock 
when  solid.     But  his  diabase  curve  demonstrates  that  the  thermal 
expansibility  of  the  liquid  rock  is  1.9  as  rapid  as  that  of  the  solid  rock. 
Thus  a  block  of  cold  solid  gabbro  immersed  in  a  deep-seated  molten 
magma  of  the  same  chemical  composition  would  be  less  condensed  by 
the  pressure  than  the  molten  rock,  but  the  effect  on  relative  densities 
would  be  partly  compensated  by  the  relative  rate  of  expansion  due 
to  any  superheating  of  the  magma.     A  block  of  gneiss  would  behave 
in  a  manner  closely  similar  to  that  of  a  block  of  gabbro.     It  is  believed 
that  the  pi'essure  of  several  thousand  atmospheres  would  not  affect 
seriously  the  contrast  in  densities  which  experiment  would  lead  us  to 
expect  if  a  fragment  of  the  Ascutney  gneiss  were  completely  immersed 
in  the  fused  gabbro  at  plutonic  pressures.     If  this  be  true,  only  one 


a  Origin  of  Mountain  Ranges,  London,  1886,  p.  110.      h  philoe.  Mag.,  Vol.  XXXV,  18Q8,  p. 
'•Am.  Jour.  Sci.,  3d  ser.,  Vol.  XLII,  1891,  p.  140. 
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conclusion  can  be  drawn.  Since  uniform  pressure  affected  both 
gneissic  fragment  and  magma  when  the  former  was  parted  from 
the  parent  country  rock,  the  difference  of  densit}^  of  the  two  would 
prevent  the  suspension  of  the  fragment  as  a  mere  matter  of  flotation. 
Further,  the  fragments,  like  the  basic  segregations,  could  remain  in 
the  positions  in  which  they  may  now  be  seen  only  if  the  magma 
possessed  a  high  viscosity  at  the  time  when  they  were  rifted  off. 

If  we  are  forced  to  this  view  of  the  conditions  in  the  Basic  stock, 
still  more  surely  may  we  have  confidence  in  it  as  explaining  the 
presence  of  even  more  numerous  schist  fragments  in  the  syenitic  and 
granitic  stocks.  The  following  table  shows  that,  even  in  the  holo- 
crystalline  state,  each  irruptive  rock  has  a  specific  gravity  lower  than 
its  country  rocks.  It  indicates  further  that  the  inequality  increases 
in  the  same  sense  the  greater  the  degree  of  exomorphic  change  in  the 
invaded  schist. 


Ernptlve  rock. 

Specific  gravity. 

Correeixsnding  country  rocks. 

Approximate 
specific 
gravity. 

p^ormal  sericitic  schiist 

2.70 

Main  stock 

r2. 616 -2. 688 
laverage,  3. 65 

Average  of  three  specimens 
from  phyllite  of  contact 
zone. 

2.84 

Average  of  Basic  stock 

8.05 

Nordmarkite-porphyry 

1             2.638 

[Average  of  Basic  stock 

I  Average  of  gneisses 

8.05 

of  Little  Ascutney. 

2.73 

Pulaskite,  Pierson  Peak . 

about  2. 68 

Average  of  Basic  stock 

3.05 

r Normal  sericitic  schist 

2.68 

Granite  stock 

2.616 

Average  of  homfels  from 
phyllitic  contact. 

2.84 

Average  of  Main  syenite . . . 

2.65 

Delesse  found  that,  in  melting  down  granite  to  a  glass,  the  specific 
gravity  was  lowered  about  10  per  cent  on  the  average.'*  Accepting 
his  figure,  the  biotite-granite  of  Ascutney  would  afford  a  glass  with  a 
specific  gravity  of  about  2.35.*  A  block  containing  1,000  cubic  feet  of 
the  porphyritic  phase  of  the  Main  syenite  would  tend  to  sink  in  a  magma 
of  the  latter  specific  gravity  by  virtue  of  a  downward  pull  equal  to 
the  weight  of  at  least  5.3  tons  of  rock  in  the  air,  and  evidently,  from 
Barus's  results,  still  faster  in  the  thinly  fluid  granite  itself.  It  is  in 
the  highest  degree  probable  that  this  difference  of  density  would  not 
be  significantly  altered  by  the  great  pressures  reigning  at  the  moment 
when  such  a  block  would  become  detached  from  the  wall  of  the  granite 
body.     Nothing  less,  then,  than  a  very  unyielding,  highly  viscous 


Bull. 


nAnnalesdes  Mines,  Ser.  II,  Vol.  IV.  1847.  p.  13BU. 
t>Ct.  i?ranite,  specific  gravity  2.63;  obsidian,  2.H  to  2.4. 
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oondition  of  any  one  of  the  Ascutney  magmas  can  account  for  the 
presence  of  the  foreign  blocks  in  the  immediate  vicinity  of  their 
homes  in  the  invaded  formations.  The  viscosity  probably  approached 
that  of  the  Archean  granitic  magmas,  which,  according  to  Lawson, 
were  capable,  under  enormous  dynamic  stresses,  of  shearing  and  atten- 
uating foreign  blocks  suspended  in  those  magmas  near  the  moment  of 
consolidation  of  the  latter.  Lawson  has  also  suggested  that,  although 
the  viscosity  was  so  great,  the  temperatures  may  have  been  high 
enough  to  melt  up  the  more  basic  foreign  fragments  completely.** 
Whether  solid  or  molten  when  sheared  or  pulled  out,  such  blocks 
could  not  sink  in  the  magma,  because  of  its  thick,  pasty  condition. 

At  Ascutney  Mountain,  as  elsewhere,  the  magmas  that  formed  the 
stocks  were  capable  of  forcing  their  way  through  fissures  a  few  inches 
or  but  a  fraction  of  an  inch  in  width,  for  distances  of  hundreds  of  feet 
or  yards  from  the  respective  main  'eruptive  mass.  These  are  clearly 
offshoots  from  the  stocks,  though  the  junction  with  the  latter  may 
not  be  seen  in  many  instances.  Each  magma  must  have  been  very 
fluid  when  it  filled  its  own  set  of  these  narrow  fissures.*  That  con- 
clusion accords  with  the  results  of  the  recent  careful  experiments  of 
Doelter.^  He  has  shown  that  there  are  but  comparatively  small  differ- 
ences among  the  temperatures  at  which  a  granitic  rock  or  an  artificial 
mixture  of  silicates  is  softened  by  heat,  becomes  thinly  molten,  or 
solidifies  from  that  molten  condition.  Thus  he  found  that  a  foyaitic 
mixtures  (of  orthoclase,  eljeolite,  and  tegirine)  became  soft  at  1,070°  C, 
thinly  fluid  at  1,110-1,115°,  and  then  solidified  at  980-1,000°  C.  The 
corresponding  figures  for  a  basaltic  mixture  (of  labradorite,  augite, 
olivine,  and  magnetite)  are  1,120-1,125°,  1,140-1,150°,  and  980-1,000°  C. 
Predazzo  granite  and  Remagen  basalt  became  softened  at  respective 
temperatures  of  1,150°  and  992°  C. ;  completely  molten  at,  respectively, 
1,240°  and  1,000°  C.  But  a  slight  restoration  of  heat,  therefore,  would 
be  necessary  to  reconvert  a  cooled  and  toughly  viscous  endomorphic 
zone,  yet  hot  enough  to  quarry  blocks  from  the  invaded  formation, 
into  a  higlily  mobile  state.  It  can  not  be  denied  that  there  must 
occur  a  loss  of  at  least  that  small  amount  of  heat  in  the  closing  stage 
of  stock  intrusion.  The  magnitude  of  plutonic  pressures  puts  no 
difficulty  in  the  way  of  accepting  this  conclusion  as  to  high  fluidity. 
Oct  ling  has  proved,  on  the  contrary,  that  the  temperature  point  of 
consolidation  of  melted  rocks  and  silicate  mixtures  is  lowered  by 
pressure.  He,  in  fact,  shares  the  view  of  Amagat,  that,  if  the  pressure 
be  sufficiently  high,  solidification  can  not  occur  at  all.^    Moreover,  it 

nGeol.  Rainy  Lake  Region,  Ann.  Rept.  Oeol.  and  Nat.  Hist.  Suryey  Canada,  1887,  Part  F,  pp. 
131-2-^i-^  etc. 

6  There  is  no  contradiction  between  this  statement  and  the  previons  one  of  high  yiaoosity  in 
the  main  magma  which  isolate  and  suspended  foreign  blocks.  As  implied  in  a  following  para- 
graph, it  would  simply  mean  that  the  apophysal  tongrues  were  injected  before  the  magma  had 
come  in  contact  with  the  present  walls  of  its  main  chamber. 

cTscher.  Min.  u.  Petrog.  Mitth.,  Vol.  XX,  1901,  pp.  238  and  807 

dibld.,  Vol.  XVII,  1897,  p.  870. 
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is  coming  to  be  generally  accepted  that  pressure  induces  mobility  in 
plutonic  magmas  by  retaining  water  and  mineralizers.^ 

In  summary,  then:  Field  observation  and  experiment  agree  in  at- 
tributing a  thinly  fluid  condition,  except  at  the  moment  of  final  crys- 
tallization, to  such  magmas  as  those  from  which  the  Ascutney  stocks 
were  derived.* 

High  fluidity  must  have  two  important  results:  First,  it  would 
facilitate  the  formation  of  ai)ophysal  tongues,  often  intersecting; 
secondly,  it  would  entail  a  downward  strain  on  any  disjointed  blocks 
in  the  roof  contact  of  the  stock  body.  Following  joints,  planes  of 
stratification,  schistosity,  or  slipping,  the  apophyses  must  seriously 
impair  the  strength  of  the  roof  and  walls.  The  same  planes  of  weak- 
ness, even  without  the  aid  of  the  irruptive  wedge,  already  form  a 
menace  to  the  integrity  of  the  walls  and  roof,  especially  the  latter; 
thiff  on  account  of  the  gravity  component  already  demonstrated  as  a 
result  of  a  difference  of  density  between  the  solid  rock  and  the 
magma  beneath.  Moreover,  a  shattering  of  the  country  rock  may  be 
expected  by  reason  of  the  differential  temperature  strains  induced  by 
the  magma. 

When,  from  these  causes,  a  block  becomes  dislodged  and  completely 
immersed  in  magma,  it  must  sink,  and  sink  rapidly.*^  The  space 
formerly  occupied  by  the  block  is  now  filled  n^ith  magma.  In  the 
same  manner  an  indefinite  number  of  blocks  may  be  removed  by  this 
natural  stoping.  New  surfaces  will  continually  be  presented  to  the 
invading  magma,  and  so  long  as  the  stated  conditions  persist  there  will 
be  greater  and  greater  destruction  of  the  country  rock.  It  is  simply  a 
question  of  time  whether  the  advance  of  the  magma  shall  be  so  great 
as  to  fashion  the  chamber  of  an  Ascutney  stock  or  of  a  great  batholith. 

A  brief  statement  of  this  central  idea  of  the  stoping  hypothesis 
has  been  given  by  Lawson  in  a  review  of  certain  of  Brogger's  writ- 
ings. So  far  as  known  to  the  present  writer  this  noteworthy  para- 
graph contains  the  only  clear  enunciation  of  the  doctrine  to  be  found 
in  geological  literature,  and  is  worthy  of  quotation  in  full: 

The  essential  features  of  the  assimilation  hypothesis  were  formulated  by  the 
reviewers  some  years  ago.  before  the  publication  of  Michel  Levy's  views,  and 
urged  as  a  satisfactory  explanation  of  the  remarkable  relations  which  obtain 
between  the  Laurentian  granites  and  gneisses  and  the  upper  Archean  or  Ontarian 
metamorphic  rocks.  These  intrusive  granites  and  gneisses  occupy  vast  tracts  of 
the  Canadian  Archean  plateau,  and  there  seems  to  be  no  escape  from  the  view 
that  they  bear  a  batholitic  relation  to  the  crust  which  they  invaded  from  below. 
Portions  of  the  crust  were  absorbed,  but  there  are  two  possibilities  as  to  the 
method  of  absorption,  viz:  1,  by  fusion;  2,  by  sinking  into  the  magma.  The 
numerous  blocks  of  rock  scattered  through  the  granites  lend  much  probability 


aDoelter,  Tacher.  Min.  u.  Petrog.  Mitth.,  Vol.  XXI,  1902,  p.  218. 

bSee  the  general  statement  by  BrOggor,Die  Emptivgesteine  den  Kristianiagebietes,  Vol.  Ill, 
p.  338. 

c  Johnston-Lav  is  has  seen  a  piece  of  comi)act  lava  sink  quickly  in  a  flowing  lava  stream  from 
Vesuvius.    Proc.  Quart.  Jour.  Geol.  Soc.,  Vol  XXXVIII,  1882,  p.  240. 
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to  the  latter  having  played  a  part  in  the  process.    Such  batholites  were  doubtless 
accompanied  by  laccolitic  satellites. « 

The  hypothesis  of  natural  overhead  "stoping"  accords  with  the 
facts  known  with  regard  to  other  kinds  of  igneous  intrusion.  Even 
in  the  case  of  those  great  granitic  massifs  organically  associated  with 
master  lines  or  zones  of  dislocation  (e.  g.,  the  tonalite  and  the  "Judi- 
carienlinie"  of  the  Tyrol),  the  magma  chamber  may  have  been  largely 
opened  by  overhead  stoping.  The  same  process  may  similarly 
greatly  enlarge  the  deep-seated  cross  section  of  a  volcanic  neck. 
Yet  no  one  can  deny  its  practical  insignificance  in  the  intrusion  of 
sheets  or  dikes,  nor,  for  obvious  reasons,  does  that  fact  injure  the 
strength  of  the  proposed  hypothesis  when  dealing  with  vastly  larger 
igneous  bodies.  The  latter  must  be  much  longer  molten  by  reason  of 
their  size,  and  have  more  direct  communication,  through  convection 
and  other  currents,  with  the  earth's  interior.  The  same  remark  ap- 
plies in  general  to  laccoliths,  although  it  is  possible  that,  in  limited 
degree,  laceolithic  magmas  ma}'^  carry  on  independent  stoping,  and 
therewith  assimilation,  in  their  hot  interiors. 

The  hypothesis,  it  will  be  observed,  is  allied  in  one  I'espect  to 
the  assimilation  theory  of  Kjerulf ,  Michel  Levy,  Lacroix,  and  others. 
According  to  each  of  the  two  views,  the  plutonic  chamber  occupied 
by  stock  or  batholith  has  been  formed  by  the  activity  of  the  magma 
itself  along  the  internal  contact.  But,  in  the  older  theory,  the  assimi- 
lation at  the  contact  is  essentially  caustic  and  chemical;  in  the  newer 
view  the  assimilation  there  is  essentially  mechanical.  The  former 
attempts  to  explain  in  one  step  the  opening  of  the  space  now  filled 
with  eruptive  material  and  the  disappearance  of  the  corresponding 
mass  of  country  rock;  the  latter  has  still  to  give  account  of  the  multi- 
tude of  larger  or  smaller  blocks  sunken  in  the  magma.  What  becomes 
of  them?    How  far  will  they  sink?     What  is  their  fate  when  they 

come  to  rest? 

ABYSSAL.  ASSIMIIiATION. 

It  is  at  once  evident  that  such  questions  are  most  difficult  to  answer 
in  detail ;  perhaps  the  second  is  always  destined  to  remain  unanswered. 
It  is  evident,  too,  that  we  are  now  many  removes  nearer  the  realm  of 
speculation  than  in  any  previous  explanatory  step.  Yet  it  can  not 
be  considered  a  fatal  objection  to  any  theory  of  intrusion  that  it  must 
refer  ultimately  to  the  unexplored  interior  of  the  earth.  The  attempts 
to  solve  the  plutonic  problem  with  attention  rigidly  kept  on  the  acces- 
sible part  of  the  earth's  crust  must  have  but  partial  success.  If 
experiment,  analogy,  and  the  considerations  of  eosmical  physics  can 
aid  in  explanation,  they  should  be  employed.  The  field  geologist  has 
only  the  earth's  outer  skin  to  study;  yet  granite,  Avith  all  its  i^elatives, 
is  a  product  of  physiological  processes  occurring,  as-  it  were,  in  the 
vital  organs  of  the  earth. 

The  cardinal  fact  of  fluidity  in  plutonic  magmas  needs  to  be  viewed 

a  Science,  now  series,  Vol.  IIL,  1896,  p.  637. 
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in  I'elation  to  the  equally  certain  fact  of  the  earth's  rigidity  and  to 
the  necessity  of  finding  some  mechanical  explanation  for  the  support 
of  the  roof  over  the  igneous  body  during  intrusion.  A  complete  dis- 
cussion of  the  former  topic  would  carry  ns  farther  afield  than  the 
scope  of  the  present  report  warrants.  Suffice  it  here  to  note  that  the 
same  problem  confronts  every  modern  theory  of  intrusion. 

In  the  case  of  the  Ascutney  stocks  it  is  believed  that  the  strength 
of  the  roof  over  each  irruptive  mass  was  doubtless  sufficient  to  pre- 
vent its  foundering  en  masse  in  the  less  dense  magma.  Other  and 
larger  stocks  and  batholiths  must  be  studied  in  this  regard  each  by 
itself.  As  the  underpinning  of  the  schist  cover  of  the  Ascutney 
igneous  area  as  a  whole  was  demonstrably  aided  by  a  progressive  con- 
solidation of  the  partial  magmas,  so  it  is  conceivable  that  there  may 
be  a  lateral  progression  of  solidification  in  the  homogeneous  magma 
of  a  much  larger  body  with  a  corresponding  strengthening  of  its  roof. 
In  all  such  intrusions  there  will  also  be  the  continued  presence  of 
country-rock  buttresses  still  remaining  unassimilated. 

Whether  a  stoped-out  block  sinks  in  the  magma  but  thousands  of 
feet  or  miles  from  its  former  position  in  roof  or  wall,  that  block  must 
undergo  an  increase  of  pressure,  and,  with  the  greatest  probability, 
an  increase  of  temperature.^ 

The  added  pressure  would  have,  according  to  the  exi)eriments  and 
field  studies  of  Barus,  Doelter,  Daubr^e,  Fouqu6,  Michel  L6vy,  and 
others,  the  secondary  effect  of  increasing  in  the  magma  the  capacity 
of  retaining  water  and  other  solvents,  even  at  very  high  temperatures.* 
So  important  are  other  experiments  in  this  connection  that  a  brief 
resume  of  certain  results  accruing  from  them  must  be  given. 

The  solubility  of  rock-forming  minerals  in  silicate  magmas  has  been 
shown  by  fusion  experiments  to  depend  on  (a)  the  temperature  of 
the  magma;  {h)  the  chemical  composition  and  fluidity  of  the  magma; 
(c)  the  fusibility  of  the  minerals,  and  (d)  on  pressure.  Doelter  has 
been  able  to  prove  that,  under  one  atmosphere  of  pressure,  all  the  com- 
mon types  of  rock-forming  minemls  are  completely  soluble  in  certain 
representative  magmas  at  temperatures  onl}^  slightly  above  those  of 
the  respective  consolidation  points  of  the  latter.  These  magmas  were 
made  from  granite,  obsidian,  common  basalt,  limburgite,  phonolite, 
foyaite,  leucite-basalt,  leucitite,  hornblende-andesite,  and  nepheline- 
basalt — a  magmatic  range  so  wide  as  to  demonstrate  the  practical 
ceilainty  that  all  silicate  magmas  have  similar  solvent  properties. 
He  further  shows  that  the  melting  point  of  a  silicate  rock  occurs  at 
about  the  average  temperature  of  fusibility  of  its  constituent  min- 
erals. Long  before,  Bischof  easily  dissolved  clay-slate  in  fluid  lava, 
using  a  bellows   furnace  for  fusion.^    These  important  deductions 


a  Perhaps  the  block  would  sink  to  the  zone  of  pressure-solid  magma. 

(>Among  the  more  recent  papers,  cf.  C.  Barus,  Am.  Jour.  Sci.,  Vol.  XXXVIII,  1889,  p.  408,  and 
Vol.  XLI,  1891,  p.  110;  C.  Doelter,  Centralbl.  f.  Min.,  etc.,  1902,  p.  550,  and  Tscher.  Min.  n.  Petrog. 
Mitth.,  Vol.  XXI,  1902,  p.  218. 

cohem.  u.  Phys.  Geol.,  Supplement,  1871,  p.  98. 


Digitized  by 


Google 


102  GEOL(XlY    OF   ASrUTNEY    MOUNTAIN,  VERMONT.         [enj^  309. 

from  laboratory  investigations  corn^apond  to  the  facets  of  out<loor 
naturo.  Well-known  praeticAl  exampl(»s  may  l>e  found  in  the  fused 
and  greatly  eorroded  granite  inclusions  in  the  basalts  of  the  AuvergTie, 
and  again  in  the  complete  disappearance  by  fusion  of  the  ''floating 
islands"  in  the  caldera  of  Kilauea.^  The  high  fluidity  of  the  normal 
plutonic  magma  would  likewise  fa^Mlitate  the  complete  solution  of 
foreign  fragments,  as  experimentally  proved  by  Doelt^r. 

It  is  true  that  the  direct  influence  of  pressure  is  directe<l  towartl 
elevating  the  melting  points  of  silicate  mixtures,  though  probably 
not  in  a  degn^)  proi>ortional  to  the  amount  of  the  pressure.*  Yet 
that  effect  on  the  solvent  power  of  the  magma  may  be  much  more 
than  count^^rbalance<l  by  the  indirect  effect  of  pressure  in  retaining 
wat<*r  and  other  solvents.  Once  molten,  pr(\ssure  tends  to  keep  sili- 
cate* magmas  molten,  since  it  lowers  the  temperature  point  of  consoli- 
dation/ In  determining  the  solvent  power  of  a  plutonic  magma, 
temperature  furnishes  here,  as  in  fixing  the  melting  point,  the  "  coarse 
adjustment,"  as  pressure  furnishes  of  itself  the  *'fine  adjustment." 

In  conclusion,  then,  it  seems  legitimate  to  regard  the  conditions  of 
the  abyssal  jwrtions  of  plutonic  magmas  as  conspiring  toward  the 
perfect  dig(\stion  of  a  submerged  foreign  rock  fragment  during  all  the 
time  of  intrusion  except  during  the  short  period  preceding  final  con- 
solidation. Even  so  uncompromising  an  opponent  of  the  theory  of 
contact  digestion  by  stock  magmas  as  Brogger  admits  that  such 
assimilation  can  l)e,  in  the  greati?r  depths,  exceedingly  important., 
'* ausserordentlich  bedeutend. "  ^ 

Sinc(*  it  is  probable  that  magmas  are  more  or  less  completely  satu- 
THii'd  solutions,*  there  would  doubtless  1m*  a  volumetric  increase  on 
the  fusion  of  each  block  at  whatever  depth  it  attained,  an  inci*ease  com- 
parable to  that  demonstrated  in  fusion  expt»riments  at  1  atmosphere  of 
pressure.  The  question  at  once  arises  as  to  what  compensation  can 
be  ma<le  for  the  increavsed  bulk  of  rock  matter  below  the  earth's  sur- 
face incident  to  abyssal  assimilation  on  a  large  scale.  Two  possibil- 
it  ies  sugg(*st  themselves  in  the  face  of  the  hydrostatic  problem  involved. 
Either  volcanic  outflow  elsewhere  or  secular  upheaval  in  the  region 
would  satisfy  the  conditions.  The  latter  would  seem  to  be  more 
likely  of  fulfillment  in  regard  to  stocks  and  batholithic  intrusions  gen- 
erally. It  is  to  be  noted  that  magmatic  stoping  would  tend  to  weaken 
the  earth's  crust  immediately  above  the  intruding  body,  and  there 
secular  elevation  of  the  surface  would  be  particularly  looke<l  for. 
There  may,  in  this  way,  be  found  one  cause  of  the  huge  buckles  filled 
with  the  **  central  granites  "  of  Alpine  mountain  chains.     This  implies 


«  J.  D.  Dana,  Characteristics  of  Volcanoes,  New  York,  1891,  p.  176. 
bDoelter,  Tscher.  Min.  n.  Petrogr.  Mitth.,  Vol.  XXI,  IWtt,  p.  221. 
<?Oetling,  op.  cit.,  p.  370. 

rtDie  Eraptivgesteine  des  Kristianiagebietes,  Vol.  Ill,  1898,  p.  850. 

eLagorio,  Tscher.  Min.  n.  Petrog.  Mitth.,  Vol.  VIII,  1887,  p.  504.    Ct.  Deleaae,  Bull.  Soc.  GeoL 
Prance,  ser.  ii.  Vol.  IV,  1847,  p.  1388. 
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that  the  doming  of  the  great  intrusive  masses  of  the  Christiania 
region,  attributed  by  Brogger  to  laccolithic  injection,  may,  in  reality, 
be  due  to  this  erustal  weakening  and  buckling  by  magmas  working 
up  from  the  *'ewige  Teufe,"  but  at  present  it  must  remain  only 
the  suggestion  of  a  possibility,  as  the  writer  has  no  personal  knowledge 
of  the  region. 

It  is,  moreover,  worthy  of  inquiry  whether  this  sort  of  live  energy 
of  intruding  granitic  magma  may  be  responsible  for  many  of  the 
well-known  cases  where  the  secondary  structure  planes  in  the  in- 
vaded formations  wrap  around  their  respective  intrusive  bodies. 
Examples  are  seen  in  the  highly  developed  peripheral  cleavage  and 
schistosity  parallel  to  the  outlines  of  such  magmas  in  the  Rainy  Lake 
region «  and  in  the  Black  Hills.*  Such  structures  could  certainly  be 
produced  by  the  force  of  magmatic  expansion,  provided  that  force  be 
sufficient  in  amount,  for  it  must  be  exerted  always  normal  to  the 
chamber  walls. 

If  the  foregoing  reasoning  is  connect,  the  preparation  of  the  chambers 
within  which  the  stock  bodies  of  Ascutney  Mountain  now  rest  was 
carried  out  by  mechanical,  piecemeal  disruption  of  each  invaded  ter- 
rane  by  the  attack  of  the  magma  on  the  main  contacts.  This  physical 
action  was  accompanied  by  chemical  assimilation  at  greater  depths. 
Consequently,  at  those  depths  the  magma  must  become  more  and  more 
mixed  as  the  result  of  assimilation.  Each  successive  eruption  from 
the  magma  basin  beneath  may  be  expected  to  show  indications  of  the 
gradual  alteration  of  the  magma  by  the  incorporation  of  foreign  sub- 
stance. This  important  corollary  has  to  do  with  the  great  question  of 
the  origin  of  the  igneous  rocks,  a  subject  which,  in  spite  of  all  its  com- 
plex difficulties,  must  here  be  dwelt  upon  so  far  as  to  show  agreement 
or  disagreement  with  the  hypothesis  just  outlined.  But  a  less  impor- 
tant, although  significant,  test  of  the  hypothesis  may  first  be  noted. 

The  hypothesis  of  rifting  not  only  gives  adequate  reason  for  the  very 
general  sharpness  of  contact  between  an  irruptive  and  its  country 
rock,  but  also  goes  far  to  explain  the  observed  lack  of  enrichment  of 
the  endomorphic  zone  with  the  material  of  the  country  rock.  The 
blocks  would  be  likely  to  suffer  most  from  solution  in  the  magma  after 
they  had  begun  their  rapid  downward  journey.  They  would  yield  up 
their  substance  along  the  whole  path.  There  would  thus  be  a  tendency 
toward  an  equal  distribution  of  the  absorbed  material  throughout  the 
magma.  In  any  case,  there  would  be  far  less  impregnation  of  the 
endomorphic  zone  with  the  substance  of  the  invaded  formation  than 
that  demanded  by  the  supposition  of  the  slow  digestion  of  the  latter 
in  place.  In  so  fluid  a  magma  convection  currents  would  tend  still 
further  to  destroy  any  contrast  of  composition  between  the  endo- 
morphic zone  and  the  body  of  the  intrusive. 

aLawson,  Ann.  Rept.  Geol.  and  Nat.  Hist.  Survey  Canada,  1887,  Part  F,  map. 
b  Van  Hise,  Sixteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  Part  1. 1806,  pp.  687  and  815. 
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EVIDEXCE8  OF  DIFFEUEXTIATION. 

In  turning  to  the  main  problem  still  awaiting  us,  the  i-elation  of  the 
hypothesis  of  rifting,  overhead  stoping,  and  abyssal  assimilation  to 
the  sequence  of  the  eruptive  rocks  at  Ascutney  Mountain,  it  must  be 
l)e  stated  in  a<lvance  that  differentiation  in  the  usual  sense  of  that 
term  has,  it  is  l)elieved,  l)een  operative  in  the  production  of  these 
rocks.  This  illuminating  principle  seems  to  win  added  credibility 
every  year,  as  the  i)etrological  facts  concerning  consanguinity,  com- 
plementary dikes,  etc.,  become  more  numerous  and  more  dearly 
ascertained.  Without  entering  further  into  the  general  question,  the 
course  of  our  argument  demands  that  some  of  the  concrete  evidences 
for  the  value  of  the  principle  be  noted  as  the  result  of  a  study  of 
Ascutney  Mountain. 

Direct  witness  to  the  fact  of  differentiation  is  found  in  the  abundant 
and  remarkable  basic  segregations  from  most  of  the  stocks  and  dikes. 
Moreover,  the  "blood  relationship"  in  mineralogical  and  chemical 
composition  of  the  main  rock  bodies  of  Little  Ascutney,  Pierson  Peak, 
and  Ascutney  Mountain  proper,  occurring  as  they  do  in  so  strikingly 
different  geological  associations,  and  the  close  agreement  in  composi- 
tion with  the  distant  syenitic  rocks  of  Essex  County,  Mass.,  Killing- 
ton  Peak,  the  Adirondacks,  Rigaud  Mountain,  Quebec,  and  the  eastern 
townships  of  Quebec,  seem  to  indicate  that  strict  chemical  and  phys- 
ical laws,  and  not  fortuitous  similarity  in  the  products  of  assimilation, 
govern  the  particular  groupings  of  metals  and  oxides  found  in  the 
respective  intrusives.  The  occurrence  of  nordmarkites  in  all  of  these 
regions  must  In?  regarded  as  the  result  of  the  independent  assertion  in 
each  region  of  one  and  the  same  set  of  laws  of  attraction  and  concen- 
tration in  an  originally  more  complex  rock  magma  rather  than  the 
result  of  multiplitnl  consolidations  of  one  great  nordmarkitic  magma 
underlying  all  this  part  of  North  America. 

Further,  the  conclusion  that  mere  assimilation  of  the  invaded 
sedimentary  terranes  by  a  magma  can  not  be  used  to  explain  the 
intrusives  of  this  part  of  the  world  is  rendered  all  the  more  probable 
by  a  detailed  comparison  of  the  Ascutney  eruptives  with  those  of 
Mount  Shefford,  as  described  by  Dresser.*  The  Canadian  intrusives 
named  in  the  order  of  injection  are  essexite,  nordmarkite,  pulaskite, 
caniptonite,  and  l)ostonite.  The  first  of  these  is  considerably  more 
alkaline  than  the  Ascutney  diorite  analyzed,  but  is  probably  close 
chemically  to  phase  e  of  the  Basic  stock.  Macroscopically,  the  Ascut- 
ney diorite  and  the  Shefford  essexite  are  remarkably  alike  in  general 
habit,  and  the  writer  has  seen  a  coarser  phase  of  the  latter  which  has 
the  poikilitic  bisilicates  and  other  detailed  features  of  the  Ascutney 
gabbros.  As  striking  similarity  characterizes  the  green  nordmarkites 
of  the  two  mountains.  These  facts  seem  to  prove  conclusively  that 
detinite  chemical  and  physical  laws  have  governed  the  formation  of 
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each  special  magma  which  crystallized  after  irruption  into  the  rock 
bodies  now  exposed  to  view.  There  has  been  some  post-eruptive 
differentiation  in  the  Shefford  intrusions,  as  they  possess  basified 
endomorphic  zones.  Dresser  holds  that  the  essexite,  nordmarkite, 
and  pulaskite  form  the  filling  of  a  laccolithic  space  in  the  Lower 
Silurian  sediments  of  Shefford  Mountain.  Accepting  his  view  of  the 
mode  of  intrusion,  preemptive  differentiation  from  a  magma  origi- 
nally composed  of  a  mixture  of  these  special  magmas,  might  be 
credited  with  a  full  explanation  of  the  Shefford  rocks,  though  even 
then  the  possibility  is  quite  open  that  the  original  complex  magma 
had  been  formed  by  the  considerable  digestion  and  assimilation  by  a 
still  earlier  magma,  of  the  Trenton  slates  and  other  sediments  through 
which  the  eruptions  took  place.  On  the  other  hand,  the  fact  of  some 
kind  of  assimilation  preparatory  to  differentiation  at  Ascutney  can 
hardly  admit  of  doubt. 

The  differentiation  of  the  alkaline  rocks  in  the  area,  on  the  hypothesis 
outlined  for  Ascutney,  would  be  local  and  confined  to  a  magma  which 
had  been  more  or  less  strongly  affected  by  the  "mise  en  place"  of 
the  Basic  stock.  If  we  have  anywhere  an  igneous  formation  approxi- 
mately representing  the  main  magma  which  underlay  the  region 
before  the  intrusion  began,  it  must  be  found  in  that  stock.  All  sub- 
sequent intrusions  might,  on  account  of  the  intermixture  of  assimi- 
lated schists,  be  exx)ected  to  show  a  divergence  from  the  original 
magma  that  would  be  the  stronger  the  later  the  corresponding  intru- 
sive appeared  in  a  series  of  eruptions.  In  other  words,  the  windsor- 
ite  dikes,  the  nordmarkites,  pulaskite,  monzonite,  paisanite,  granites, 
and  aplites  are,  by  the  hyx)othesis,  regarded  as  the  product  of  the 
deep-seated  assimilation  of  the  schists  followed  or  accompanied  by  the 
differentiation  of.  these  related  magmatic  types  from  the  mixture  due 
to  subcrustal  digestion.  The  high  silica,  potash,  and  alumina  of  the 
micaceous  and  quartzose  phyllites  and  gneisses  would  explain  the 
increasing  acidity,  the  alkalinity,  and  feldspathic  character  of  these 
differentiated  products,  though  other  features  must  be  credited  to 
differentiation  alone. 

Just  how  differentiation  takes  place  is  still  to  bo  reckoned  among 
the  mysteries  of  geology.  There  is  no  doubt  that  several  determina- 
tive factors  must  be  taken  into  account.  Without  in  any  way  wish- 
ing to  question  the  validity  of  the  other  causes,  the  writer  will  here 
briefly  instance  one  of  them  as  seeming  to  be  of  more  general  appli- 
cation. Rosenbusch  has  published  the  view  that  the  separation  of 
differentiated  products  may  be  due  in  part  to  the  gravitative  effect, 
whereby  the  more  acid  and  lighter  constituents  of  a  complex  magma 
become  segregated  and  float  upon  the  more  basic  and  heavier  residue.^ 
It  is  supported  by  the  valuable  observations  of  Morozewicz  in 
synthetic  experiments  and  in  the  study  of  glass  furnaces.*    Doelter 
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has  i)oint'0<l  out  that  such  results*  adhere  to  exceptioaal  cases,  l>oth 
in  his  own  exi)eriment>s  and  in  those  of  the  Russian  investigator; 
yet  their  significance  is  still  great,  since  they  agree  with  Gouy  and 
C'hapi^ron's  theoretically  deduccMi  principle  of  gravitative  stratification 
in  saline  solutions,**  as  well  as  with  some  positive  field  observations. 
For  example,  Sir  A.  Greikie  describes  the  separation  of  a  lower  layer 
of  picrite  and  an  overlying  layer  of  olivine-basalt  in  the  same  lava 
flow,  and  finds  it  prolmble  that  similar  differentiation  has  taken  place 
in  basic  sills.*  It  is  at  least  worth  while  to  apply  the  gravitative 
theory  to  the  Ascutney  magmas,  so  far  as  to  state  briefly  the  course 
of  events  entailed. 

By  the  separation  of  the  differentiated  products,  the  uppermost 
layer  would,  by  the  antecedent  addition  of  the  abundant  silica  from 
the  digested  schists,  become  more  and  more  acid  as  the  assimilation 
progressed.  The  aplites  and  granite  would  appear  as  the  latest 
priKlucts  (excepting  the  complementary  dikes)  of  a  diffei'entiation 
dependent  on  the  assimilation  for  its  final  expression. 

()piM)sed  to  the  hypothesis  is  the  more  usual  view  of  simple  differ- 
entiation as  explanatory  of  the  eruptive  sequence.  The  latter  has 
iH^en  well  expn^ssed  by  Brogger  for  the  similar  sequence  in  the  Chris- 
tiania  region.  He  points  out  the  general  harmony  existing  between 
the  th(H)retical  order  of  differentiation,  the  order  of  eruption  in  the 
province,  and  the  order  of  crystallization  in  the  various  rocks.*^  On 
the  same  principle  the  ohh^t  Ascutney  stock  would  be  regarded  as 
of  the  nature  of  a  gigantic  basic  segregation  which  had  absorbeil  into 
itself  the  basic  orthosilicates  and  metasilicates  of  lime,  magnesia,  and 
iron  before  the  crystallization,  from  the  same  original  magma,  of  the 
syenit(»s  and  granite  where  the  dark-colored  constituents  are  so  poorly 
represented.''  The  possibility  of  mere  differentiation  (without  assimi- 
lation) producing  the  Christiania  rock  bodies  is  due,  according  to 
BW*)gger,  to  the  peculiar  laccolithic  nature  of  the  intrusions  in  that 
province.  The  preparation  of  free  space  for  the  play  of  chemical 
reactions  leading  to  differentiation  is  quite  in  contrast  with  that 
hyiwthecated  for  the  Ascutney  area,  though  many  of  the  rock  types 
of  the  two  regions  are  extremely  similar.  Brogger  has  pronounced 
against  the  assimilation  theory  of  Kjerulf  and  Michel  L^vy,  largely 
for  the  reason  that  ii  fails  to  meet  the  controlling  test,  the  proof  of 
chemical  sympathy  between  the  formation  invaded  and  the  igneous 
body  supposed  to  have  performed  the  digestion.  Thus  the  granite  of 
the  Christiania  region  contains  scarcely  0,5  per  cent  of  CaO,  although 
the  Cambrian  and  Silurian  beds  through  which  the  intrusions  occurred 
contain  as  large  an  average  as  24.5  per  cent  of  the  same  oxide.^  The 
objection    does    not,   however,   apply  to  the  modified  assimilation 
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hypothesis  as  outlined  in  this  chapter.  Brogger's  own  cross  sections 
would  imply  that  the  Cambrian  and  Silurian  limestones  were  depos- 
ited on  Archean  crystalline  schists.  The  vertical  thickness  of  this 
formation  is  probably  several  times  as  great  as  the  thickness  of  all 
the  Lower  Paleozoic  limestones  combined.  Differentiation  working 
on  the  magma  produced  by  the  mixture  of  the  digested  material  of 
both  limestones  and  schists  might  very  well  give  a  granite  with  a  low 
content  of  lime.  Be  the  method  of  intrusion  what  it  will,  the  simi- 
larity of  the  Norwegian  and  Vermont  rocks  seems  to  point  unmistak- 
ably to  the  truth  of  the  main  principle  of  differentiation — the  tendency 
toward  definite  chemical  and  mineralogical  segregation  in  a  silicate 
magma,  irrespective  of  how  that  magma  was  prepared. 

As  the  specific  gravity  of  the  acid  magmas  must  in  every  case  be 
lower  than  that  of  the  original  basic  magma,  the  latter  would  tend  to 
rid  itself  continually  of  the  foreign  substance  being  dissolved  from 
the  sunken  blocks.  We  have  seen  that  the  latter  would  sink  deeply. 
Whether  this  gravitative  cleansing  be  perfect  or  not  at  a  moderate 
depth  of,  perhaps,  a  mile  or  two  below  the  original  magma  surface, 
the  magma  might  there  still  be  quite  basic.  If  we  now  imagine  a  pro- 
longed period  during  which  the  overlying  acid-alkaline  intrusives  were 
completely  crystallized  and,  afterwards,  a  limited  fracturing  of  the 
whole  compound  terrane,  we  can  secure  some  explanation  of  the  final 
series  of  basic  dikes.  They  would  represent  the  product  of  renewed 
eruptive  activity  from  the  deep-lying,  still  molten  magma  pressed 
upward  along  the  easy  paths  of  the  fractures.  The  common  occur- 
rence of  the  diabase  dikes  and  lavas  through  the  whole  length  of  the 
Connecticut  Valley  and  in  many  parts  of  the  Appalachian  system 
suggests  correlation  with  this  hypothetical  explanation.  Possibly 
the  camptonites  are  nothing  more  than  dikes  of  diabase  which 
have  absorbed  a  small  amount  of  ferrous  iron  and  alkalies  from  the 
syenites  through  which  they  have  found  their  way.  Nevertheless,  in 
spite  of  the  difficulty  of  determining  the  place  and  exact  manner  of 
the  differentiation  of  complementary  dikes  in  general,  the  possibility 
that  these  youngest  dikes  correspond  to  the  basic  poles  of  secondary 
differentiation  can  not  be  excluded.  Nor  is  it  necessary  to  the 
hypothesis  of  abyssal  assimilation  that  either  alternative  be  estab- 
lished, for  the  hypothesis  must  be  linked  with  the  belief  in  secondary 
differentiation. 

THE  PBTROGENIC  CYCIiE. 

Finally,  it  should  be  observed  that  the  whole  series  of  events  lead- 
ing from  the  beginning  of  the  invasion  of  the  oldest  stock  to  the 
irruption  of  the  youngest  stock  and  dikes  might,  after  the  solidifica- 
tion of  the  last  of  these,  be  followed  by  a  resumption  of  plutonic 
activity.  Thene  might  thus  be  repeated  the  sequence  of  changes 
memorialized  in  the  existing  rock  bodies — basic  to  acid  through  inter- 
mediate types.     Or  any  part  of  the  cycle  might  be  repeated,  whereby 
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relatively  l)asie  irruptions  into  the  schists  would  be  followed  by  more 
acid  ones.  Or,  thirdly,  the  cycle  represented  in  the  unsqueezed  igneotLS 
rocks  of  the  present  mountain  might  have  been  preceded  by  an 
older  cycle,  the  records  of  which  are  still  buried  deep  within  the 
schistose  formations  in  the  neighborhood.  Such  an  earlier  cycle 
would  account  for  the  amphibolites  and  aplitic  sheets  which  antedate 
the  last  great  period  of  folding  and  dynamometamorphism  in  the 
schistfa. 

StTMMARY  AND  GENERAL  APPLICAimON. 

In  order  to  bring  this  hypothesis  of  overhead  stoping,  abyssal 
assimilation,  and  differentiation  into  relation  with  the  general  prob- 
lem of  the  plutonic  rocks,  it  will  be  expedient  to  recapitulate  (I)  the 
essential  facts  of  observation  in  the  Ascutney  area,  (II)  the  results 
of  experimental  investigation  on  the  specific  gravity  of  the  Ascutney 
rocks  and  on  silicate  magmas,  and  (III)  the  conclusions  won  from  the 
correlation  of  both  groups  of  considerations. 

(I)  The  Ascutney  irruptive  bodies  exhibit  the  following  character- 
istics: 

A  series  of  true  stocks  ranging  from  the  oldest,  most  basic,  and 
least  alkaline  to  the  highly  alkaline,  youngest,  and  most  acid,  followed 
and  accompanied  by  groups  of  aplitic  and  lamprophyric  dikes. 

Two  of  the  stocks  (Basic  stock  and  Main  stock)  characterized  by  a 
noteworthy  heterogeneity;  the  other  three  by  just  as  striking  homo- 
geneity. 

An  almost  entire  lack  of  sympathj^  between  the  structural  planer 
in  the  country  rocks  and  the  form  of  each  intrusive  body. 

Conclusive  evidence  that  the  different  magmatic  chambers  were  not 
prepared  by  circumferential  faulting. 

In  each  stock  a  decided  lack  of  any  enrichment  of  the  endomorphic 
zone  by  substance  dissolved  from  the  invaded  formations;  a  general 
freedom  from  foreign  inclusions  in  the  interior,  with  a  characteristic 
abundance  of  angular  inclosures  near  the  cont>act»s;  an  exceedingly 
sharp  line  of  contact  with  the  country  rocks;  equally  sharp  contacts 
of  the  foreign  fragments  and  their  respective  hosts;  lack  of  direct 
sympathy  between  the  composition  of  the  intrusive  stocks  and  of  their 
respective  country  rocks. 

The  existence  of  many  long  and  narrow,  apophysal  offshoots  from 
each  stock,  betokening  their  high  fluidity  at  the  time  of  intrusion. 

The  presence  of  many  basic  segregations  in  four  out  the  five  stocks. 

The  mineralogical  and  chemical  characters  of  the  stock  rocks 
which,  compared  among  themselves  and  with  the  rocks  of  other 
petrographical  provinces,  compel  belief  in  some  kind  of  differenti- 
ation of  the  Ascutnej^  igneous  bodies  from  a  common  magma. 

(II)  The  experiments  of  Barus,  Delesse,  Daubr^,  Doelter,  Oetling, 
Morozewicz  and  others  have  shown — 

That  representative  natural  or  artificial  silicate  mixtures  at  ordinary 
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atmospheric  pressure  become  thinly  molten  at  a  temperature  only 
slightly  above  that  of  solidification. 

That,  in  every  instance,  a  great  increase  of  volume  characteriaes 
the  change  from  the  solid  to  the  molten  state. 

That  the  corresponding  difference  of  density  is,  no  doubt,  essentially 
preserved  under  plutonic  conditions. 

That  the  chief  rock- forming  minerals  are  soluble  in  all  of  the  melted 
silicate  mixtures  j^et  investigated  and  at  the  temperatures  ruling  when 
those  mixtures  are  thinly  molten. 

That  pressure  aids  the  solubility  indirectly  by  retaining  water  and 
other  mineralizers  in  the  magma,  but  retards  it,  probably  in  much 
less  degree,  by  raising  the  temperature  of  fusion  for  silicate  minerals. 

That  there  is  evidence  of  differentiation  in  molten  silicatiC  magmas 
by  gravitative  effect. 

Numerous  specific  gravity  determinations  on  the  solid  Ascutney 
rocks  show  that  the  lightest  of  these  would,  under  the  same  conditions 
of  pressure  as  the  densest  of  the  magmas  (that  of  the  Basic  stock), 
sink  on  immersion  in  that  magma. 

(Ill)  The  conclusions  necessitated,  it  is  believed,  by  these  facts  are: 

1.  That  the  various  chambers  now  occupied  by  the  igneous  bodies 
were  not  opened  by  bodily  movements  in  the  earth's  crust,  but  by 
some  kind  of  assimilation  of  the  invaded  formations. 

2.  That  this  assimilation  did  not  take  place,  except  in  subordinate 
degree,  by  caustic  solution  on  the  main  contacts. 

3.  That,  even  in  its  relatively  inactive  state  near  the  moment  of 
final  consolidation,  each  magma  was  capable  of  rifting  off  numerous 
large  and  small  blocks  from  the  walls  with  which  it  came  in  contact — 
blocks  now  visible  because  the  magma  was  then  so  toughly  viscous  as 
to  support  them  in  suspension. 

4.  That  during  the  much  longer  period  of  high  fluidity  each  magma 
was  capable  of  still  more  powerful  rifting  action. 

5.  That  throughout  that  period  there  must  have  prevailed  a  more  or 
less  steady  rain  of  the  rifted  blocks  downward  into  the  lower  depths 
of  the  magma  and  a  corresponding  enlargement  of  the  magma  cham- 
ber, the  size  of  which  would  depend  on  the  time  during  which  the 
action  continued;  independent  testimony  may  be  had  of  the  high 
probability  that  the  time  taken  in  all  plutonic  intrusion  is  very  great. 

6.  That  in  the  abyssal  region  the  blocks  must  undergo  active  solu- 
tion by  the  magma,  which  would  thus  become  mixed  and  gradually 
more  complex. 

7.  That  some  compensation  for  the  increased  volume  of  the  rock 
digested  must  be  made — suggesting  either  surface  extrusion  from 
another  part  of  the  same  magma  basin  or  secular  upheaval  of  the 
earth's  crust  above  the  bjisin. 

8.  That  the  original  magma  was  at  least  as  basic  as  the  galibroitic 
phase  of  the  oldest  stock. 
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9.  That  there  would  be  a  tendency  for  the  mixed  magma  to  become 
more  and  more  acid  by  reason  of  the  assimilation  of  the  schistose  ter- 
ranes. 

10.  That  this  magma  would  be  exi)ected  to  differentiate  by  slow 
gravitative  action,  through  which  the  lighter,  more  acid  submagmas 
would  float  on  the  heavier  basic  residues. 

11.  That  such  differentiation  must  be  supplemented  by  other  causes, 
real  and  universal,  though  at  present  ill  understood,  leading  to  a 
comparatively  definite  splitting  of  the  main  magma;  thus  homogeneous 
rock  bodies  would  be  produced  similar  to  those  in  other  parts  of  eastern 
North  America  and  elsewhere. 

12.  That  the  Ascutney  stocks  are  the  crystallized  product  of  such 
differentiation  from  an  ever-changing  magma  constantly  enriched  by 
assimilation. 

13.  That  the  series  of  petrogenic  events  at  Ascutney  constitute  a 
cycle  that  might  be  repeated  either  as  a  whole  or  in  part  within  the 
same  area. 

14.  That  the  later  basic  dikes  may  be  explained  as  the  beginning  of 
a  second  petrogenic  cycle,  or  as  the  basic  poles  of  a  secondary 
differentiation. 

Now,  the  facts  of  field  observation  at  Ascutney  Mountain,  with  two 
possible  exceptions,  correspond  to  possible  characteristics  of  most  of 
the  granitic  intrusions  of  the  world.  The  heterogeneity  of  the  Basic 
stock  and  of  the  Main  stock  is  doubtless  of  a  higher  order,  and  the 
basic  segregations  in  the  latter  are  more  numerous  than  in  the  normal 
granitic  mass.  Yet  these  contrasts  may  be  largely  explained  bj''  the 
action  of  secondary  differentiation.  The  experimental  results  of 
investigation  on  melted  silicate  mixtures  are  manifestly  capable  of 
general  application.  There  is,  accordingly,  reason  to  believe  that 
the  hypothesis  summarized  in  the  list  of  conclusions  concerning  the 
Ascutney  eruptives  may  be  applied  to  most  stocks  and  batholiths. 

THE  UNIVERSAIj  EARTH  MAGMA. 

If  this  hypothesis  be  accepted  for  stocks  and  batholiths  generally, 
and  if  dikes,  sheets,  and  laccolithic  intrusions  (including  all  such  as 
have  been  conditioned  by  the  action  of  hydrostatic  pressure  on  a 
magma  entering  spaces  opened  by  bodily  crustal  movements)  are  the 
results  of  the  eruption  of  subraagmas  differentiated  from  the  deeper- 
lying  and  greater  magma  produced  by  the  incorporation  of  invaded 
formations,  the  further  inquiry  as  to  the  original  composition  of  such 
assimilating  magma  thus  becomes  a  matter  of  special  interest.  The 
required  space  can  not  here  be  taken  for  a  full  discussion  of  this 
question,  even  if  only  the  limited  number  of  facts  now  known  con- 
cerning the  subject  were  given  full  statement.  Special  diffidence 
may  be  felt  in  approaching  this  most  difficult  theme.  Yet  certain 
preliminary  considerations  are  offered,  primarily  those  which,  in  the 
oi)inion  of  the  writer,  do  not  at  the  present  time  receive  the  full  share 
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of  attention  that  they  should  have  in  the  problem  of  the  earth's 
interior;  taken  together,  they  seem  to  form,  in  a  measure,  a  test  of 
the  foregoing  hypothesis. 

The  evidence  is  accumulating  that  the  normal  order  for  the  erup- 
tion of  plutonic  rocks  is  that  of  from  most  basic  to  most  acid.  That 
the  same  order  may  be  preserved,  on  the  large  scale,  in  extrusions  of 
lava  at  volcanic  cones  is  illustrated  by  Sir  Archibald  Geikie  in  his 
treatise  on  The  Ancient  Volcanoes  of  Great  Britain.^  It  seems 
established,  moreover,  that  the  oldest  eruptive  in  the  majority  of 
petrographical  provinces  approximates  a  gabbro  or  basalt  in  compo- 
sition. Yet  the  oldest  intrusive,  by  the  foregoing  hypothesis,  is  that 
one  which  should  most  nearly  represent  the  original  magma,  modi- 
fied as  the  latter  tends  to  become  by  the  assimilation  of  the  more 
siliceous  crystalline  schists  and  sedimentary  terranes. 

Again,  in  those  conduits  where  escape  of  igneous  rock  from  the 
earth's  interior  to  the  surface  takes  place  to  such  an  extent  as  to 
build  large  volcanoes,  we  should  expect  the  sequence  of  ei*uption  to 
be  completed  by  an  effusion  of  lava  more  nearly  representing  the 
original  magma  than  the  antecedent  flows.  This  for  the  reasons, 
first,  that  assimilation  (deep-seated^digestion  of  the  overlying  crust)  in 
the  immediate  vicinity  of  the  vent  would,  in  that  late  stage  in  the 
development  of  the  volcano,  have  progressed  so  far  as  to  have 
enlarged  the  conduit  to  a  size  suitable  to  the  large  cone;  secondly, 
that  the  vent  would  by  the  long  continuance  of  the  volcanic  activity 
have  become  freed  from  the  products  of  such  digestion,  and,  thirdly, 
tliat  the  latest  flows  would  be  derived  from  the  original  magma  prac- 
tically unaffected  by  assimilation.  Now,  it  is  a  significant  fact  that 
the  latest  extrusive  product  of  our  greatest  volcanoes,  such  as  Etna, 
Fusiyama,  Chimborazo,  Cotopaxi,  etc.,  is  without  known  exception, 
either  basalt  or  andesite.  The  unnumbered  lofty  volcanoes  which 
spring  from  the  floor  of  the  deep  Pacific  and  Indian  oceans  are,  with 
but  few  exceptions,  capped  with  basalt  or  andesite.  Indeed,  such 
basic  lava  seems  to  be  the  only  igneous  rock  exposed  in  oceanic  areas 
making  up  at  least  one  half  of  the  whole  surface  of  the  globe. 

Not  less  important  is  the  equally  indisputable  fact  that  the  great 
fissure  eruptions  of  the  globe  give  birth  to  only  one  kind  of  lava, 
again  basaltic.  The  familiar  examples  in  Iceland,  Northwestern 
Europe,  India,  the  Northwestern  United  States  of  America,  and  the 
Hawaiian  Archipelago,  tell  no  uncertain  story  concerning  the  nature 
of  the  vast  reservoir  from  which  they  have  derived  their  enormous 
volumes  of  lava.  The  more  acid  flows  which  occur  in  any  one  of 
these  regions  are  insignificant  in  bulk  when  compared  to  the  total  basic 
output.  The  former  could  be  explained,  in  accordance  with  the  pres- 
ent hypothesis,  as  the  product  of  differentiation  acting  on  the  uni- 
versal magma  influenced  by  the  assimilation  of  the  continental  rocks, 
which  are  characteristically  more  acid  than  that  magma.     Further, 


aVol.  n,  1897,p.477. 
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we  should  expect  assimilation  to  be  less  active  in  determining  the 
composition  of  Assure  eruptives  than  in  preparing  the  secondary 
magmas  erupted  in  volcanic  cones  or  injected  in  the  intrusive  form. 
From  the  nature  of  the  geological  dynamics  rendering  possible  the 
rapid  expulsion  of  the  voluminous  flows  at  great  fissures,  it  is  clear 
that  the  corresponding  magma  had,  in  each  case,  relatively  easy 
access  to  the  earth's  surface,  and  had  not  to  work  its  way  through  the 
crust.  The  plateau  lavas  accordingly  merit  particular  notice  in  the 
search  for  the  general  earth  magma.  Too  little  attention  has  been 
paid  to  the  volume,  relative  abundance,  and  geological  occurrence  of 
the  different  eruptive  types  in  the  extant  discussions  of  the  origin  of 
igneous  rocks.  Those  questions  must  always  be  of  prime  importance 
in  deciding  on  the  question  of  assimilation. 

For  different  reasons,  excepting  that  derived  from  the  enormotisly 
greater  abundance  of  basaltic  lavas  on  the  earth,  Dutton  came  to  this 
same  conclusion  as  to  the  nature  of  the  "primordial  matter."  He  has 
rightly  emphasized  the  importance  of  the  fact  that  basalt  is  a  "syn- 
thetic or  comprehensive  type  of  rock."  His  theory  of  the  derivation 
of  other  igneous  rocks  by  simple  fusion  of  sedimentary  formations, 
derived  in  their  turn  by  atmospheric  agencies  from  this  "  primordial 
matter,"  takes  insufficient  account  of  the  facts  of  differentiation 
learned  since  1880.  Yet  his  theory  has  a  suggestive  relation  to  the 
one  proposed  in  these  pages.  ^ 

Thus,  partly  by  the  induction  of  known  facts,  partly  by  the  deduc- 
tion of  certain  conclusions  which  are  explanatory  of  a  considerable 
number  of  related  phenomena,  we  have  been  led  to  the  view  that  there 
is,  all  round  the  earth  and  not  far  from  its  present  surface,  a  single 
fundamental  magma  of  a  composition  allied  to  basalt.  This  magma 
must  probably  be  regarded  as  molten  only  potentially  and  to  uncer- 
tain depth  bj'  the  local  relief  of  pressure.  It  has  been  implied  that 
all  other  rocks  may  have  been  indirectly  derived  from  such  a  magma, 
though  the  possibility  is  not  excluded  that  part  of  the  normal  conti- 
nental intrusive  (acid-alkaline)  rocks  may  form  the  more  or  less  pure 
equivalent  of  primal  matter  differentiated  at  the  surface  of  the  origi- 
nal crust  of  the  earth.  It  is,  of  course,  evident  that  we  are  now  face 
to  face  with  other  principal  earth  problems,  most  of  which  are  nothing 
more  nor  less  than  true  riddles.  The  nature  of  the  earth's  original 
crust,  the  antiquity  of  the  ocean  basins,  the  duration  and  geological 
history  of  the  Arch^an  era  during  which  most  of  the  siliceous  material 
of  the  crust  was  prepared  in  nearly  its  present  form,  the  origin  of  the 
crystalline  schists,  the  preponderance  of  potash  among  the  alkalies  of 
continental  formations,  the  explanation  of  the  high  soda  content  of  sea 
water,  are  among  those  problems  bearing  on  the  hypothesis.  It  can 
only  be  said  that  the  writer  has  not  yet  met  with  insui-mountable  objec- 
tions to  the  hypothesis  in  the  partial  solutions  now  attained  for  them. 


act.  C.E. Dutton,  The  High  Plateaus  of  Utah:    U.  S.  Geol.  and  Geog.  Surv.  Rocky  Mountain 
Region,  Washington,  1880,  p.  125  et  seq. 
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The  probability  that  the  combined  variety  and  type  constancy  of 
the  continental  igneons  rocks  are  due  to  both  abyssal  assimilation 
and  magmatic  differentiation  is  taught  not  only  by  a  detailed  study 
of  a  small  area  like  Ascutney  Mountain,  but  as  well  by  a  review  of 
the  earth's  igneous  output  as  a  whole.  Perhaps  the  hypothesis  founded 
on  this  conviction  may  do  something  towaM  removing  the  difficulty 
that  is  felt  by  most  students  of  igneous  rocks;  it  is  the  dilemma  once 
well  described  to  the  writer  by  a  leading  petrologist:  "As  a  geologist, 
one  must  believe  in  assimilation;  as  a  petrographer,  he  must  declare 
against  it." 

BuU.  209—03 8 
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APPENDIX. 

TABLES,  LIST  OF  SPECIMENS,  ETC. 

Tabi^  Xni. — Mineralogiealand  structural  eonttitution.  of  the  A»cutneg  eruptives. 


Essential  feldspars. 

Other  essential 
constitaents. 

Accessory. 

Stmcture. 

Camptonite 

Basic  labra- 

Hornblende 

Titaniferous 

Panidiomor- 

dorite    (Ab, 

Aagite. 

magnetite. 

phicporphy- 

An,). 

~ 

Pyrite. 

Apatite. 

Decomposi- 
tion   prod- 
ucts: Chlo- 
rite,    epi- 
dote,    cal- 
cite,  sec- 
o  n  d  a  r  y 
quartz, 
kaolin. 

ritic. 

Augite-gabbro . 

do  ........ 

Augite. 

Biotite. 

Hornblende. 

Pyrite. 

Ilmenite. 

Titanite. 

Apatite. 

Hypidiomor- 
phic  granu- 
lar. 

Diabase 

do 

do 

Titaniferous 
magnetite. 

Ophitic. 

Pyrite. 

Apatite. 

Decomposi- 
tion   prod- 
ucts: Chlo- 
rite,    epi- 
dote,   cal- 
cite,  see- 
on  d  a  r  y 
quartz, 
kaolin. 
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Table  XIII. — Mineralogical  and  structural  constitution  of  the  Ascutney  erup- 

tivea — Continued. 


Emential  feldspars. 

Other  ef»eiiti*l 
oonstitaeiits. 

Aoceeeory. 
Ilmenite. 

Stracture. 

Hornblende- 

Basic  labra- 

Hornblende. 

Hypidiomor- 

biotite-au- 

dorite    (Ab, 

Biotite. 

Pyrite. 

phic  granu- 

gite gabbro. 

An,). 

Angite. 

Titanite. 
Apatite. 

lar. 

Biotite-horn- 

Av.  basic  oli- 

Biotite. 

Qnartz. 

Do. 

blende-dio- 

goclase  (Ab, 

Hornblende. 

Ilmenite. 

rite. 

AnJ. 

Pyrite. 
Apatite. 
Titanite. 
Zircon. 

Biotite-angite- 

do 

Biotite. 

Quartz. 

Do. 

homblende- 

Angite. 

Dmenite. 

diorite. 

Hornblende. 

Pyrite. 
Apatite. 
Titanite. 
Zircon. 

Essexite 

Andesine  (Abj 

Hornblende. 

Qnartz. 

Do, 

An,). 

Biotite. 

Angite. 

Microperthite. 

Bmenite. 

Orthoclase. 

Apatite. 
Titanite. 
Zircon. 

Monzonite 

Microperthite. 

Hornblende. 

Quartz. 

Do. 

Orthoclase. 

Angite. 

Titaniferous 

Labradorite 

Biotite. 

magnetite. 

(Ab,  An,). 

Apatite. 

Pyrite. 

Zircon. 

Windsorite 

Microi)erthite. 
Orthoclase. 
Basic    oligo- 

clase   (Ab, 

An,). 

Biotite. 

Quartz. 
Augite,  horn- 
blende. 
Ilmenite. 
Apatite. 
Zircon. 
Titanite? 

Do. 
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Table  Xm. — Mineralogical  and  structural  constitution  of  the  Aacutney  erup- 

tives—Coniiimed. 


Essential  feldspars. 

Other  essential 
constituents. 

Accessory. 

Structure. 

Pnlaskite 

Microperthite. 

Biotite 

Titaniferous 

Hypidiom  Or- 

Orthoclase. 

magnetite. 

Quartz. 

Titanite. 

Hornblende. 

Augite. 

Apatite. 

Zircon. 

phic  granu- 
lar. 

Nordmarkite  _. 

Microperthite 

Hornblende. 

Quartz. 

Hypidiom  Or- 

(cryptoper- 

Biotite. 

(Allanite.) 

phic  granu- 

thite). 

Augite. 

lar. 

Orthoclase. 

Quartz. 

Titaniferous 

Porphyritic. 

Microcline. 

magnetite. 

Trachytic. 

Acid  oligoclase. 

Apatite. 

Pyrite. 

Zircon. 

Monazit«. 

Garnet. 

Biotite-granite. 

Microperthite. 

Biotite. 

Magnetite. 

Porphyritic. 

Orthoclase. 

Quartz. 

Titanite. 

Microcline. 

/ 

Apatite. 

Acid  oligoclase. 

Zircon. 

Paisanite 

Microperthite. 

Quartz. 

Titanite. 

Panallotrio- 

Soda-ortho- 

Hornblende. 

Ilmenite. 

morphic  por- 

clase. 

Pyrite. 
Zircon. 
Apatite. 

phyritic. 

Mnscovite  -  ap- 

Orthoclase. 

Quartz. 

Microperthite. 

Panallotrio- 

lite. 

Albite. 

Muscovite. 

raorphic. 
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Table  Xy,—List  of  the  more  important  specimens  studied. 

No.    la  and  lb.  Basic  flegregation  in  biotite-granite. 

2.  Biotite- granite. 

5.  MetamorphoHed  limestone  of  contact-zone,  bearing  grossnlarite. 
24.  Sericitic  qoartzite. 
82.  Biotite-homblende-diorite. 
84.  Granite:  phase  h  of  Main  syenite  stock. 
36.  Brectna  of  Little  Ascntney. 

42.  Green  nordmarkite;  Main  syenite  stock  (phase/). 
57.  Camptonite  dike;  Little  Ascutney. 

59.  Micropt»rtbite-l)earing  homblende-biotite-diorite. 
59a.  Basic  segregation  in  59. 

60.  Paisanite;  Little  Ast-ntney. 

6 1 .  Homblende-lnoti  te-augite-gabbro. 

62.  Pulaski te;  Pierson  Peak. 

66.  Basic  segregation  in  porphyritic  phase  g  of  Main  syenite  stock. 
74.  Angite-camptonite. 

76.  Nordmarkite-porphyry;  Little  Ascutney. 

77.  **  Windsorite**  dike;  Little  Ascutney. 

100.  Metamor])hosed  limestone  of  contact  zone,  bearing  epidote,  etc. 

105.  Endomorphic  zone  of  biotite-granite. 

106.  Miarolitic  phase  of  105. 

111.  Monzonite;  phase  i  of  Main  syenite  stock. 

113.  Segregation  in  biotite-granite. 

114.  Unaltered  siliceous  limestone. 

115.  Porphyritic  phase  g  of  Main  syenite  stock. 
120.  Diabase  dike. 

122-136,  inclusive.  Metamorphosed  phyllite  of  contact  zone  about  the  Main 

stoc^k. 
139.  Paisanite  of  Main  stock. 
141.  Basic  segregation  in  139. 
145a.  Augite-biotite-diorite  dike;  Little  Ascutney. 
147.  Augite-biotite-horniileude-diorite;  Little  Ascutney. 
175.  Altered  aplite. 
184.  Augite-biotite-diorite. 

191.  Muscovite-aplite. 

192.  Augite-gabbro. 
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Alkaline  granite,  occurrence  of 67 

Alkaline  biotito-granite,  basic  segrega- 
tions in 82-84 

endomorpbic  zone  in 84-85 

occnrrence  and  character  of 79-85 

Aplitic  dikes,  occurrence  of 70-77 

Ascutney  Mountain,  drainage  of 10-12 

general  form  and  character  of .  ^ 13 

glaciationof 12-13 

map  and  section  of 70 

topographic  features  of 8-10 

view  of 7 

Augite-biotite-diorite,  occurrence  of 45 

Augite-gabbro,  occurrence  of 42 

Augite-homblende-syenite,  analysis  of  . .       47 

Bams,  Carl,  cited 95,96,101 

Basic  segr^ations,  occurrence  and  char- 

acterof 43-44 

Biotite-augite-homblende-diorite,  occur- 
rence of 40 

Biotite-diorite,  occurrence  of 45 

Biotite-granite,  analysis  of 84 

basic  segregations  in 82-85 

analysis  of 84 

•  endomorphic  zone  in 84-86 

mineral  comi)08ition  of 82 

molecular  proportions  of 81 

occurrence  and  character  of 79^ 

Biotite-homblende-diorite,  occurren<e  of       40 

Biotite-nordmarldte,  occurrence  of 70 

Bischof,  cited 101 

Breccia  masses.  Little  Ascutney  Moun- 
tain    77-79 

BrOgger,  W.  C,  analyses  compiled  by 41, 

53,54,50,66,75,84,87 

cited 85,93,90,102,106 

Camptonlte,  analyses  of 87 

occurrence  and*  character  of 86-87 

Chrustschoff,  cited 65 

Coesa,  cited 95 

Cuahing,  H.  P.,  analysis  by 59 

cited 53,80 

Dana,  J.  D.,  cited 13,102 

Delesse,  cited 96,97,108 

Diabase,  analysis  of 88 

Diabase  dikes,  occurrence  and  character 

of 87-88 

Diorite,  analyses  of 41,66 

occurrence  and  character  of 38-44 

Dioritic  dikes,  features  of 44-45 

Dikes,  occurrence  of 69,70-77,86 
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